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IF I preſume to approach 
Your Maj EST with a ſecond 
offering of my well meant la- 
bours, it is not from an opinion 
of its poſſeſſing ſufficient value 

to entitle it to Your MaJjEsTY's 
| patronage, but to indulge the 
| ſenſations of a grateful mind, that 
wiſhes to embrace every opportu- 
nity of expreſſing its thanktulneſs 

TRE for 
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for the ſpontaneous benefits and 
honours it has received. 
The ſubject of the following 
work is, indeed, of great impor- 
tance; and if the manner in 
which it is executed, tends, in the 
leaſt degree, to facilitate the ſtudy 
of ſo intereſting a part of mili- 
tary ſcience, it will not fail, for 
thoſe reaſons, to be honoured 
With Youk MajzesTyY" s appro- 
bation. The author, however, 
humbly hopes, that in laying it 
at YouR MajzsTY s feet, he 
ſhall, at leaſt, manifeſt his un- 
wearied attention to the military 
ſervice; and that profound vene- 
ration and affectionate gratitude, 


which 
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which alwaywanimate his heart, 
and with which he now begs per- 
miſſion to ſubſcribe himſelf, _ 
e ppm nb 

' Your MaJjEsTY's 

moſt humble, 

moſt obliged, 


and moſt devoted ſervant, 


LEWIS LOCHEE. 
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XCEP T a few writers, who, from a love of 

ſingularity, are apt to queſtion every received 
opinion and eſtabliſhed practice, none have ven- 
tured to deny the importance of fortreſſes, as a 
uſeful defence for all ates both againſt foreign 
and domeſtic enemies. Even Machiavel, the 
principal declaimer againſt them, admits, © That 
« a prince may find his advantage in erecting 
ec fortreſſes, though poſſeſſed of powerful ar- 
„ mies; as they will enable him to withſtand 
„ an enemy, till his own forces are properly | 
4 arrayed.” 

The Greeks, the Romans, and the Carthagi- 
nians, who were beſt acquainted with military 
and political ſcience, conſidered fortrefles as ne- 
ceflary, not only for the preſervation of con- 
quered provinces, but for the ſafety of eſtabliſhed 
kingdoms and empires. Though triumphant 
© Rome,” ſays the Duke d' Urſini, found her- 
ſelf miſtreſs of the world; though the ſtrength 
of her own armies, and the 3 

* miſſiqa 
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« miſſion paid her by all nations, had placed 
„ her out of the reach of immediate danger; 
yet ſhe fortiſied not {becauſe the qyas afraid, 

ce but becauſe ſhe would have nothing to fear; 


« that, if occaſion required, ſhe might, at leaſt, 
<< be able to retire within herſelf, and there 


make a ſtand till wan ſhould Win declare 


„ in her favour. X 


When a ſtate. deſtitute! of ee 18 0 


tacked, it muſt place its whole dependence on 


a ſingle battle, the loſs of which would probably 
involve it in irrecoverable ruin; for the mo- 
ment the enemy obtained the victory, he would 
become maſter of the country. But to ſo help- 
leſs a ſituation thoſe ſtates ca 
reduced, that have fortreſſes ſtrongly ſituated and 


amply provided, whither their routed army 


might retire, and where they might have time 
to rally, and receive ſuccours from their allies, 
or. from that part of their own country of which 
the enemy, checked by ſuch obſtacles, could not 
make himſelf maſter. It has, indeed, often 
happened, that the forces of a ſtate, though de- 
feated in the firſt encounter, have been enabled 
by well ſituated fortreſſes, not only to recover 


themſelves and reſcue their country, but even 
to ie out the invaders. If Darius and the 


other 


mot be ſuddenly 
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other powerful princes, whom Alexander in the 
| luſt of dominion attacked, had been provided 
with places of ſecurity, capable of à vigorous 
defence, that rapid conqueror would not, perhaps, 
have ſurmounted the difficulties and obſtacles of 
ſucceſſive ſieges; for, as hiſtory informs us, 
ſucceſs ſeemed much inclined to abandon him 
when he ſat down before Tyre. 

The defence made at Spoletto, and a few 
other ſmall fortreſſes, ſtopped Hannibal on his 
march againſt the Romans; Rbme herſelf, even 
in the days of her proſperity, was baffled 
before Numantia; the city of Vienna, in 1 529, 
reſiſted the efforts of Solyman the Second; and 
Charles V. almoſt always victorious in the field, 
found the walls of Marſeilles and Metz the 
boundanes of his conqueſts. On the contrary, 
if there had been a few fortreſſes in England, 
when William the Norman landed, it would 
not have been loſt with the loſs of a ſingle 
battle; and if, during the contention between 
the houſes of Vork and Lancaſter, the ſame 
reſources of defence had fubſiſted, faction would 
not have cauſed the cruel deſolation of 147 . 
nor the throne have been vacant t thrice } in {ix 
months, ; 


But 
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But though. hiſtory abounds with melancholy 


proofs of the oyerthrow, of ſtates for the wapt 


es, yet it is not without in- 


1 ances of the ruin of others by the erection of 


too many: whence it may be concluded, that 
2 country without fortreſſes is not in a much 


greater ſtate of danger, than that which has 
more than it can properly maintain ; for though 


forge preventive forts, for the reaſons already 
affigned, are neceſſary for every ſtate, yet it does 
not from thence follow, that the difficulty of 


pid ah a ſtate can be increaſed by the number 


and extent of encumbring fortreſſes. The for- 
treſſes of a ſtate ſhould be cautiouſly propor- 
tioned to the troops which it can raiſe and is 
able to maintain; and theſe ſhould always be 
ſufficient to garriſon its defences, form guards 
for its towns, and an army for the field; for, 
without an army, fortreſſes can no longer pro- 
tect a ſtate, than whillt its magazines aftord a 


plentiful ſubſiſtence. 


The ſituation, extent, power, and intereſt of 


A ſtate, determine the number. of fortreſſes 
neceſſary againſt foreign adverſaries; the form 


and date of its government, the different ſects 


of religion, and the natural bent of the people, 


regulate them with regard to domeſtic enemies. 
8 The 
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and ſand banks, by the ſcarcity of good roads and 


PREFACE Ai 
The ſituation of Great Britain requires but few 


fortreſſes: ſevered by the Ocean from all other 
countries, ſhe is in little danger from the project: 


of her enemies, who will always find a deſcent 
rendered extremely difficult, by many ſhelves 


harbours, and by the yiolent winds uſually blowing 
upon and from her coaſt ; in the enjoyment of 
all which natural advantages, ſhe has more to 
fear from her domeſtic than from her foreign 
enemies, who can hardly ever hope to ſucceed 


in any deſign againſt her, without the con- 


currence of the other. But leſt much ſecurity 
ſhould prove her -ruin, it will be her wiſdom 
not only not to confide too much in thoſe 
natural advantages, but alſo, by ſuch methods 
of defence as art ſupplies, to render herſelf 


. till more difficult of acceſs: for though it is 
known, that the enterprizes formed againſt her 


by the French and Spaniards have never proved 
ſucceſsful, yet it muſt be remembered, that 
the Romans and the Saxons, through her igno- 
rance or neglect of artificial defences, made 
ſettlements in her country, and actually changed 
her government. 

It is a maxim in war, to keep an enemy at 
as great a diftance as poflible ; fortreſſes ſhould, 

3 therefore, 
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therefore, be erected on the frontiers, beyond 


which no org can penetrate till thoſe fortreſſes 


are taken. If, im powerful and extehſive ſtates, 
a ſingle chan of fortreſſes is not a ſufficient 


ſecurity, a ſecond, and even a third chain muſt 


be added. For want of well ſituated fortreſſes 
on the frontiers of Bohemia, the King of Pruſſia, 
in 1757, penetrated to the center of that king- 


dom and inveſted Prague; and there is ſome 
reaſon to believe, that had he gained the battle 


of Kollin nothing could have 110 his en 
till he came to Vienna. 


For ſmall ſtates, eſpecially n aua 


by4 powerful enemies, it will be neceſſary, 
beſides the frontiers, to fortify the capital, 
or ſome town near the center of the domi- 
nions: this, in time of peace, will ſerve 
as a magazine for proviſions and ammunition, 
whence other fortreſſes, as well as the neigh- 
bouring towns, may be occaſionally ſupplied; 
and, in time of war, it will afford a retreat for 
the people of the country with their moſt 
valuable effects. The preſervation of Piedmont, 
in the year 1706, was owing to a precaution 
of this kind; for if Turin, the capital, had 
not been fortified, the whole province muſt 
inevitably have fallen a prey to the French: and 

to 
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to cloſing the avenues of Amſterdam, by which 
it was enabled to withſtand the forces of Louis 
XIV, in 1672, may be . aſcribed alſo the pre- 
ſervation of the ſtates of Holland, who, ſenſible 
of the great advantages derived even from ſuch 
partial and temporary fortifications, have ſince 
ordered that city to be encompaticd with ſtrong: 
and durable works. © E 

The more immediate views of ſtates in the 
erection of fortreſſes, have uniformly been to 
obtain ſecurity againſt ſurprizes; and to be able, 
with a few troops within, to withſtand the 
aſſaults of a greater number without. Such 
were the ſpecial objects of the Greeks in forti- 
fying Thermopylæ, the narrow ſtraits between 
the mountains of Theſſaly and Phocys; of 
Aſdrubal, in fortifying New Carthage; and of 
Demoſthenes, in fortifying Pilos. 

To anſwer theſe important purpoſes, we are 
principally to conſider the ſituation, extent, 
form or figure, moſt proper for fortreſſes, and the 
ſtrength and diſpoſition of the various works. 

From'the moſt authentic accounts of the firſt 
contending ſtates, it appears, that their forti- 
fications were only a plain wall built in a ſtrait 
direction, with a ditch before it. This was 
ſufficient to withſtand violence and prevent ſur- 


Prizes, 


[ 
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prizes, fot no other means were made uſe of 
at that time but inveſting the place and reducing 
it by famine z. of which, among other inſtances, 
hiſtory has mentioned that of Sardanapulus the 
laſt king of Aﬀyria, who, in Nineveh, ſuf- 
tained the ſiege of Ms in of the 1 
ſeven years. 1 

In length of time, when art had been em- 


ployed 3 in the conſtruction and improvement of 
various deſtructive weapons, and war was be- 
come a kind of ſeience, the walls were built 


with a continued prqjection at top, and 


with loop holes at certain diſtances, to enable 


the beſiegers to repel the aſſailants with their 


arrows; but finding that the enemy, when 


once got cloſe to the wall, could from no part 
be diſcovered or repulſed, ſquare towers were 


added at equal diſtances, determined by the reach 


of the arrow, from the ſides of which it was 


expected that every part of the wall would be 
eaſily defended. 


This improvement, however, TW not anſwer 


the purpoſe; for there till remained that face 
of the tower fronting the field, which could 


not be feen, and, , could not be 
——_— 


To 
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To remedy = evil, Hons introduced d 
rent angular tower! round 
the latter, wowee, ſoon obtain 
preference, becauſe the circular form &f all 
others had the greateſt ſtrength, and was molt - 
capable of reſiſting the battering engines: the 
round tower, therefore, in which every part 
could be ſeen and defended, except a ſpace fo 
ſmall as ſcarcely | to conceal a ſingle man, con- 
tinued long in ufe ; and probably would have 
remained to this day, but for the invention of 
gun powder. The rapid force of this new and 
fimple compoſition, exploding balls of iron 
from cannons and mortars, ſoon convinced the 
world, that the walls and towers hitherto con 
ſtructed were but a weak defence. 

In conſequence of the knowledge of this in- 
vention, which is aſcribed to Bartholde Sch- 
wartz, who lived in the beginning of the four- 
teenth century, ramparts were added to the 
walls ; and, inſtead of round towers, the ſquare 
towers were renewed and called baſtions ; with 
this difference, that, inſtead of preſenting a face 


— 
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* The tower Pſephina at Jeruſalem, was octangularz and is faid 
to have been raiſed ſo high, as, at an eaſtern ſun, to afford a proſe 
pect of Arabia, 
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to the field they preſented an angle, and-the 


angle towards the town was cut off for an en- 
trance. Half moons, counterguards, and other 


outworks, were gradually introduced, to render 
the power of the defence in ſome meaſure. equi- 


valent. to the force of the attack, which was 
now become conſiderably ſuperior. 

Whilſt this improved art of fortification was 
in its infancy, the ſtates of Ital Y, by their in- 
teſtine wars, acquired great experience in it. 


They are ſuppoſed to be the firſt who digeſted 
it into a ſyſtem, Ramilly and Cataneo, the earlieſt 


writers on the ſubject, being natives of that 
country. .The Germans alſo ſoon excelled in 
this art, and the work of Speckle, at the end 
of the ſixteenth century, is ſtill read with ap- 
probation. , The war between the Spaniards 
and Dutch; which laſted eighty years, conſider- 
ably aided its progreſs; and the ten years ſiege 


of Candia by the Turks, furniſhed the means 
of making new diſcoveries. 


But to that perfection to which the art of 
fortification i is no-] advanced, none have con- 
tributed ſo amply as Pagan, Coehorn, and Vau- 
ban, who appeared in the ſeventeenth century, 
and whoſe important diſcoveries have conſider- 
ably 
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ably 1 the value of 419, labours of Baie 
predeceſſors. . 

Mr. Cochorn, whaſ Ray was written in 
early life, and with thoſe high pretenſions to 
great improyements which young minds are 
apt to aſſume, did not, however, ſo much ad- 
here to his own ſyſtems, as to the ſyſtems of 
Vauban; of which the Works of Bergen- op- 
Zoom, are an inconteſtible proof. | 
But notwithſtanding all the improvements 
that have. been made in fortification, fince the 
invention of gun powder, the power of de- 
fence is ſtill inferior to the force of attack. 
Engineers have been continually trying to render 
them at leaſt equal, but they have hitherto | 
tried in vain; and the ſuperiority of the be- 
ſiegers fire ſupported by a greater number of 
men, will at length generally oblige the be- 
ſieged to ſubmit. 

The greateſt improvement that has been 
made in the art of attack, was firſt exhibited 
in 1688, when Mr. Vauban introduced the 
ricochet firing at the ſiege of Philipſburg : 
the common opinion, however, is, that he did 
not exhibit this ſingular invention till the ſiege 
of Ath, in 1697. 
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The deſign of this volume is, to commu- 
nicate to young ſtudents, preciſe and adequate 
ideas of the important art of fortification ; to 
explain the principles of the form and poſition 
of the different works, and exemplify the 
rules by which they are to be eonſtructed and 
applied; and, ſo far as reſpects the author him- 
ſelf, to give the military world a new proof 
of his inſuppreſſible zeal for the improvement 


and honour of the ſervice. To the candid re- 
ception of the military world, his labours, and 


the motives of them, are always not leſs re- 
ee than freely efferd, 


L 
Q 
c 
C 
C 
C 
C 
C 
c 
0 
0 
0 
c 


7 
a 
"POE * 
5 


„ nog gen 
Definitions” nt nent ↄ . 
E T TIM 1. 
Deſcription of the n Lines. "'Y 
a 
s E O N W. | 


| Deſcription of the ſeveral Angles 3 


s K c T I Oo N III. 


Deſcription of the ſeveral Parts : — "2 9 
Of the Rampart | — ib, 
Of the interior Talus of the Rampart — 10 


Of Rampes — — II 
Of the Parapet and its ſuperior Talus 3 


Of the Banquetteiññx˙0bc ib. 
Of the Embrazures — — 12 
Of the Terreplein of the Rampart — bd. 
Of Revetments . — — 13 
Of Counterforts — — 14 
Of Baſtions —— 18 
Of the Solid Baſtion — — 19 
Of che Hollow Baſtion — —_ 


. 


CONST FEN T S. 


| | | Page 
Of the Flat Baſtion— — 21 
Of the Demi Baſtion — — ib.” 
Of the Orillon Baſtion — — ib. 
Remark — * =" nll 
Of the Ditch — —— bd. 
Of the Covert-way and Glacis 26 
e 
Deſcription of the principal Outworks. 
Of the Tenails „ nn, 30 
Of the Caponiere — — 32 
Of the Half- moon . 33 
Of the Counterguard —— — 4 
Remark — — 36 
Of Lunettes — — 3 
Of Tenaillons — — ib. 
Remark 7 | — — 38 
Of che Horn Work — — 35 
Of the Crown Work — — bd. 
Of Communications — — 4 
a . 
Maxims of Fortification — — 46 
Of the Situation of a Fortreſs — — 53 
Of the Expence of Fortreſſtes 55 
Of the Capacity or Extent of F ortreſſes 57 
Of the Form moſt proper for Fortreſſes 59 
S ECT. 


6̈ỹ„b Hind Fr.. to. 


Totrace the Magiftral Line of the "RR by che 


S E C 11 1 N vf. ad 
Per 
Of Of Regular Fortification | 085 


exterior Polygon, according to Mr. — 


Firſt Syſten — _ — 164 
Remark —— — — ib. 


To trace the Magiſtral Line of the Pentagon by 
the exterior Side, according to Mr. Vauban s 


firſt Syſtem — 62 
Remark — a 63 
To trace the Magiſtral Line of the W a 

the exterior Side, according to Mr. Vauban's + 

Firſt Syſtemn— — 63 

Remark | — 64 
Remark — — — 63 
To trace the Magiſtral Line of the Square by 

the interior Polygon! — 67 
Remark — ib. 
To trace the Magiſtral Line of the Pentagon by 

the interior Side of the Polygon 68 
Remark — — ib. 
To trace the Magiſtral Line of the Hexagon by 

the interior Polygon — 69 
Remark _— . — 70 
Remark - — 71 
Of the Two Methods of Fortifying within, and 

Fortifying withaur — — 73 
Remark —ͤ— — ib. 
To trace the Rampart and Parapet — 76 
Remark — — — 77 


1 f To 


— — 3 an por — — — — — 
— — — xk — — = — — ey We. — — 2 - —— 
— — 
— — — — — 


—. — R> .- oe 


— — — 
— — 


= = —— — 


xxil. SW TH 3. 


To trace the great Ditch 


Remark — 78 
To trace the Covert- way and Glacis — ib. 
RemaxkKk — 80 
Of the Traverſes — b. 
Remark | 81 
To trace the concave Flank and Orillon, accord- 155 
ing to Mr. Vauban's Conſtruction — 82 
Remarx — — — 23z3 
Of the ee dae — — 85 
Qt, Barbette Batteries ———  —— 87 
To trace a Barbette Battery — ib. 
Of Rampes —— 88 


To trace the Rampe at the 8 of Solid Baſ.- 


, tions . — n SW 
To trace the Rampes | in Hollow Baſtions ib. 
To deſcribe the Profile of the Rampart, Ditch, 

Covert-way, and Glacis — 89 


"WY 2 1 10 N VI. 


i Of the Outworks. 


To trace the Single Tenail — 
T o trace the Tenail with Flanks — ib. 
Remark 3 — — 100 
To trace the Rams Horns — 101 
To trace the Caponiere — ib. 
Remark — — 102 
To trace the Half-· moon — . 103 
| Remark 


* 4 


2 


I = 


8 


co rf 


Remark — — — 


To trace the Half- moon with Flanks 
Remark — 


— 
To trace che Counterguard 3 
Remark — — 

To trace Lunettes — — 
Remark — r "Tape GAs 
To trace the Counterguard over the ae on | 
To iris TVkaltioos — — 
Remark 8 5 — 


Of the Horn Work. 
To trace the Horn Work before a Curtain 


Remark r — 
To trace the Horn Work before a Baſtion 
Remark — 


Of the Cronin Wark, 
To trace the Crown Work before a Curtain 


Remark 


To trace the Crown. Work before a Baſtion 
Remark — — 


SECT1ON vn. 
| Of Advanced or Detached Works, 
of the Pleche or r Arrow , 1 —— 


Of the Lunette 1 — 
f 


7 


BOG 2 — — * 
mage —— » s þ : — 

— oran an 4 ADs. © 

_ 


— — 
- — — — 
2 ” — ene — 2 — 
— — — * 
= — — — — — 
— — E < 
RES — — a" a> Se" + 7 
—— — —— — 


_ * 
gs CA Pipe 
wee >_> — 7 
— Cong rr ng +2 et 
—— —— > > fe 


22 — * — — 
— — —— —— _ 
— FU MAGA. —ũʃůũ ͥ 22 BO — 


— I. a > ——— — 
— — rraugey 
uh — 


al DOE. 


— — — 
A 


RI OS . 


To trace the Citadel — 


of the Redout — PRE ER © IR 
Remark 2 — — 


Ol the Advanced Ditch, Haar and Glacis 
Remark 


—— — 


a * C T 1 On It; + 
Of the Cavalier and Retrenchments. 


Of the Cavalier . 

Remark ä | P 5 
Of Retrenchments — — 
Remark — — 


3 


Of Countermines — GH 


A 


Page 
127 


128 
130 


132 


133 


134 


135 


136 
139 


Of the Streets, Houſes, Place of Arms, Cazerns, &c. 


Of the Streets and Houſes — 
Of the Place of Arme 
Of Cazerns and other Public Buildings 

Remark | i 


ien Wm 


Remark — — 


145 


148 
150 


0 VE WS 


ECON, 10 


$-EC:+T; 1.0 -# . 
+ 7, Page 
Of Irregular Fortification — 156 
To trace the Magiſtral Line of the irregular Pen- 
tagon AB CD E, the Sides of which are to 
be conſidered as exterior Sides — 160 
To trace the Magiſtral Line of the irregular 
polygon A BC DE, &c. the Sides of which 


are to be confidered as interior Sides 167 
Of Outworks — — 179 
Of Places fortified after the Antient Method 181 
Of Places ſituated near Rivers — 182 
Of Sea Port Towns — — 182 
of Places ſituated on a Moraſs — 184 
Of Places ſituated on a Hill or Rock 18 5 


a NY I o N XIV. 
Of the Syſtems of different Authors, 
| 186 


Errard's Syſtem — 
Remark —  — 187 

The Italian Syſtem — — 188 
Remaxk =— — 189 
The Spaniſh Syſtem — — ib. 
Remark  — — — ib. 
The Compoſite Syſtem _— — 190 
Remark _— — 1 
The Dutch Syſtem — — ib. 
Remark __ — — 192 
Count Pagan's Syſtem — — ib. 
Remark — ts 7” mas 


Xxvi C O NT E N B 8. 


. ; mY 

Mr. Vauban's Second Syſtem | — 1 98 
Mr. Vauban's T ara Syſtem 15) 197 
Remark — — 2092 
Mr. Coehorn's Syſtems | 4 —_ 343 3539 
Remarxk— rr A a 


v3 C1 33194348 


s E C TL 0 N W. r 
Of the Colours uſed 1 in Drawing Plans and Profiles, 


Of Indian Ink v— 268 
Of Carmine 209 
Remark — — — 210 
Of Gamboge — m 20 IP i 
Remark — — — 211 
Of Sea Green — — ib. 
Remark — ib. 
Of Sap Green — — 212 
Remark — — — bd. 
Of Biltre — — ib. 
Remark — — — 213 
Of Indigo — — — ib. 
Remarx 8 Fam id. 
Directions for Drawing Lines — 214 — 
Directions for Waſhing Plans —— 216 
Directions for Waſhing Profiles — 2219 
Remark — 220 


„„ EY XVI. 


Of tracing the Plan of a Fortreſs upon the Ground 221 
Remar K 2 


ib. 


to fortify a ſpace forming an irregular poly 


rivers, andthe like. 
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FORTIFICATION, 


"DEFINITIONS. Ou 


AORTIFICATION „ lbs et of 3 
ſuch works about a town, or other place to be 


s „ 


defended, as will enable a ſmall number of men within, 


to withſtand for a conſiderable time * — 2 
greater number without. 15.05 Ho. 


Fortificatlon, i in its moſt extenſive meaning, compretiends,” not 
only the conſtruction of ang wor; vor alſo * their attack and 


defence. 


Fortification is diſtinguiſhed into regular and irre- 
gular: regular, when applied to fortify a ſpace form- 
ing a regular polygon; and irregular, when applied 
on In 
the firſt caſe, all the ſides of the polygon are equally 
fortified, and all the ſimilar parts of the ſame works 
are equal; and, in the ſecond, all the ſides are un- 


equally fortified, becauſe of the inequality either in 
thoſe ſides, or in the angles, or in both, occaſioned by 


the irregularity of the ground, from hills, vallies, 


A town fortified, is called fortreſs* ; and is either 
ancient or modern, according to its conſtruction : 
ancient, when ſurrounded with ſquare and round 


* — le 


It is alſo called place, and the works are called fortifications.. | 
B towers ; 
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7 


towers; modern; when flanked, chat is, defended with 
baſtions. 


Fortifications. i are either permanent or temporary * : 


permanent, when built with 4 defign of durability z 
ſuch are the uſual works of defence about cities: 
temporary, when erected on ſome emergent occa- 
ſion, and only for a ſhort ſeaſon; ſuch are the 
works ſuddenly raiſed for ſeizing and maintaining 
ſome poſt or paſs; alſo thoſe about camps, as re- 
* batteries, &c. | 


The uſual methods of repreſenting fortifications 


upon paper, are by ichnography and orthography. 
Ichnography is the plan or repreſentation of the 


length and breadth of the ſeveral works, cut through 


at the bottom by a plane parallel to the horizon: by 
this we are acquainted with the value of the different 


lines and angles. Fig. 1. Plate I, 


When tothe plan of the fortifications is added a draught of the 
environs, this. repreſentation is called topographical : by topogra- 
phical plans, the adyantages and diſadvantages of a ſituation are 

quickly and N diſcerned. 


 Orthography i is the profile or repreſentation of the 


works cut through by a plane perpendicular to the 
horizon, which ſhews not only their length or breadth, 


but alſo their height and depth : by this we are en- 


abled: to eſtimate the expence of the work done or to 


be dons, the ' Quantity of materials neceſſary, &c. 


** 
thn tt. 


* 
1 


1 


tf A of fortification which treats 2 temporary works, is called 


held fortification, to diſtinguiſh it from that which treats of AT works. 


The permanent works are the ſubject of chis volume. 
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Deſeription of the Principal Lines. 


F 1 G. 2. PLATE I. 


CD The interior 


FB The great 
FD The pris | radius, 


AC, BD The capital lines of the baſtion ; fo called; 
| becauſe they. extend i its whole length. 


The capital line of every work is an imaginary line, dividing it 
into two parts, which, when the work is regular, are firailac and 
equal; and, when irregular, are diſſimilar and unequal, 


GX The line of the gorge of the baſtion, 

DG, DX The ſcmi-gorges of the baſtion. 

GH The curtain : this joins the flank of one 
| baſtion to that of the next, 

GK, HL The flanks of the baſtion ; ſo called, be- 

| cauſe the ſhot from them take the enemy 

in his approach to attack the faces AL, 

BK, in flank ; that i is, ſide- ways. | 


AB The exterior ? fde of the polygon. 


A flank is right- angled, when perpendicular to the curtain, as 
«c; and oblique, when it makes either an acute or obtuſe angle 
with the curtain, as 64, a f. Mr, Vauban, whoſe method is 


Ba generally 
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generally followed, makes this angle obtuſe, and about 100 degrees. 
Though the name, Hank, is given only to ſuch parts as GK, MX, 
of the baſtion ; yet, as to flank, ſignifies to defend, whatever part 
ſerves to defend another part may properly be called its flank, 


AL, BK The faces of the baſtion ; ſo called, be- 
: Fauſe they front the enemy. In ſpeaking 
of the right and left flanks or faces, we 
are to ſuppoſe ourſelves within the fortreſs, 
looking towards the field. 


The faces of every work are, in gener, the two, n that pro- 


jet towards the field. A on 


2882 TT 
4217777 14, 4 28 14 25 A 


Al, BH, BO The lines of defence : theſe Hines de- 
CTY A1 4 6045 „ Vermmine the direction of the thor, 


4 


Anda are diſtinguiſhed into razante and 

8 * en 1 

BO, 1 5 Arbe line of ee e * bor 
| becauſe: the ſhot, from the oppoſite 


; Bone 11 * 12 1 the faces B M 


: EY 
1 zi # * 14 ® % 


FL 6 g&= F* 2 8 g a . u TY 2 z = 1 » 
The line of defence razante, is the diſtance between the Caliant 
angle of the baſtion, and the oppoſite flank ; that is, it is the face 


.prolonged to the flank, which then is called flank ragant; in which 
caſe, the foldier placed at O, the ſummit of the angle of the flank 
POX, can graze the whole length of the face, BM, of the op- 
poſite "baſtion. On account of the thickneſs of the parapet, it will be 
more advantageous, however, for this line of defence to be fo 
directed, as to meet, not the exterior extremities of the parapets 
of 'the flank and curtain as is uſual, but the extremities of the 


interior ſides; by which conſtruction the whole extent of the in- 


terior part of the parapet of the flank, may be employed for the 
defence of the faces of the collateral baſtion, 


Al 


W 


AI Is called the line of defence fichante, becauſe 
the ſhot from the flank GK, which defends 
the face AL, grazes not that face, but fixes 
itſelf full againſt it. 

The ſpace GI in. the curtain, is called ſecond | 
flank, becauſe it defends the face AL. 


The flank of the baſtion, when there are ſecond flanks, is called 
flank fichent ; in which caſe, the ſoldier cannot, from any part of 
the flank GK, graze the whole _— of the face, AL, of the 
oppoſite baſtion, 

Second flanks in our preſent ſyſtems of fortification (though they 
augment the fire of the flanks, and conſequently not only increaſe 
the difficulty of the paſſage of the ditch, but enable the flanks of the 
baſtion to defend more eaſily the breaches made in the faces) are 
generally rejected becauſe they defend the faces too obliquely, and 


becauſe in polygons of few ſides the flanked angles are too acute. 


Chevalier de St. Julien obſerves, that as two defences are better 
than one, he cannot help recommending ſecond flanks, en 
when the angle of the mm is very obtuſe. 


* 


The length of the ſeveral parts of a fortreſs are 
determined by we length of the line of defence, 
which is always within muſket ſhot, that the parts 
flanked may be within muſket-ſhot of the flanking 


parts. The engineers of old determined the length 
of the line of defence proportionally to the range 
of their cannon, to which they truſted the defence 


of their works; but the moderns, who chiefly de- 
pend on ſmall. arms as the. more ſure defence, de- 
termine its extent proportionally to the range of the 

B 3 | muſket, 
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muſket®, which experience proves to be from 120 to 
150 toiſes. f 


GKBMX Determine the figure of a baftion, with 
the proper inclination of its flanks and 
faces. 

ALHGKBMX, &c. Which, by 1 its continuity, forms 

/ the faces, flanks, and curtains, 

is called magiftral line, becauſe 
it determines the lines and 
angles of the circumference 


of the place, and is the line 


with which all Plan are be- 
gun. 


[In plans, the magiſtral line is generally the 
ſtrongeſt: the lines of defence, ſemigorges, capitals, 
&c. are only dotted, and are called occult lines, or 
lines of conflruftion ; but theſe, though abſolutely 
neceſſary in the conſtruction, are generally effaced 
when the plan is finiſhed to avoid confuſion.] 


— 


By muſket, is to be underſtood the fire arias now in uſe among the 
Infantry, called firelock and fuſil, for which it is indiſcriminately uſed. The 


muſket was originally ſo very heavy as to require a reſt; and it was fired 


by means of a match fixed in the lock, from whence it derived the name of 
matchlock. This name it retained till about 1690, when the flint was ſubſti- 
tuted for the match; and it has ever ſince been called firelock, from the 
Jock's producing fire by the action of the flint and ſteel fixed in it. 
+ The 20iſe is a French meaſure equal to fix French feet, and may be under- 
| ſtood to correſpond with the Engliſh meaſure termed fathom. As the French 
writers on fortification are the moſt numerous, and have obtained an 
authority ſo univerſal that the writers of other nations have adopted 
their meaſure and their terms, it would have appeared ſingular not to have 
followed the ſame example in this work. The proportion the French 
meaſure bears to the Engliſh, is as 107 is to 114; that is, nearly as 
15 is to 16. | 


A 5 5a a 2 


885 


ELEMENTS OF FORTIFICATION. 7 
ER CT 1-0 i. 
Deſcription of the ſeveral Angles. 


i „ PFLACE I 


ABS „„ 
CDN the . of che {mere polygon. 


CFD The angle of the center. 
 GHL The angle of the flank, formed by the meeting 


of the curtain and flank.* 


Errard, in his Syſtem of Fortification, raiſes the flanks perpen- 
dicular to the faces, as ad, the better to cover the cannon in the 
flank. Chevalier de Ville, obſerving how little ſuch flanks diſ- 
covered along the oppoſite faces which they were to defend, made 
the flanks perpendicular to the curtain, as ac. Count Pagan raiſed 
them perpendicular to the line of defence, as af, to obtain a more 
direct defence, and a better view of the ditch. Mr. Blondel, to 
defend both the counterſcarp and ravelin, formed, wich the flank 
and line of defence, an obtuſe angle, as ag. Mr. Vauban, 
whoſe method generally prevails, makes the flank to form the cord 
of an arc, having the ſhoulder for center in the opinion of ſome, _ 
of others the ſummit of the angle of the oppoſite baſtion, and of 
others ſome point in the face of the oppoſite baſtion ; that is, the 


- flank forms, with the curtain, an angle of about 100 degrees, ASA Ce 


GKB The angle of the ſhoulder ; ſo called, becauſe 
it covers the fhoulders of the ſoldiers 

placed along the flanks. This angle is 

formed by the flank and face of the 


baſtion, 
BDG The angle of the ſemigorge. 
B The angle of the baſtion, or flanked angle; 


* It is alſo called angle of the curtain. 
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ſo called, becauſe it is ſeen and defended 


by the flanks HL, PO, of the oppoſite 


baſtions. This angle is formed by the 
two faces of the baſtion. | 


LOQK The exterior flanking angle, or angle of the 


tenail, which is formed by the meeting of 
the two lines of defence, AG, BH. 


.BHL The interior flanking angle, formed by the 


line of defence'and the flank. Where there 

is a ſecond flank, the interſection of the 
. line of defence fichante upon the curtain, 
| forms this angle, as AIG. 


ABK The diminiſhed angle, formed by the exte- 


rior fide of the polygon, and the face of 
the baſtion. 


IR2 The angle of the ditch or counterſcarp, 


formed by the meeting of the counter- 
ſcarp before the curtain. | 
Angles are either ſaliant or re-entring : ſaliant, 


when the ſummit turns from the center, as the flanked 


angle B; and re- entering, when the ſummit turns to- 
wards the center, as the Ugle of the flank GHL. 


The right angle, whether ſaliant or re-entring, is moſt eſteemed, 
becauſe it has the greateſt ſtrength to withſtand the ſhock of the ene- 


my's cannon ; for the line of reſiſtance, and the line whereby the 
body reſifls, are both equal; but, in the oblique angle, the line of 
- reſiſtance is much ſhorter, 5 


The ſaliant angle, to be of ſufficient ſtrength, ought never to 


be leſs than 60 degrees; and, that the ſides may not be too much 
expoſed, it ought not to be much more than go degrees. The re- 
entring angle ſhould never be leſs than go degrees, nor more than 
120 degrees, as the defence would otherwiſe be too oblique, and 
conſequently very uncertain. 


* 
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SECTION IL 
Deſcription of the ſeveral Parts. 


FI G. 1. PLATE I. and II. 


Rampart. 
Baſt ion. 
Curtain. 


Strait er 3 


Concave 

Orillon, | 
Brizure. 
Counterbrizure. 
Cavalier. 
Retrenchment. 
Ditch. 
Cuvette. 

Covert Way. 
Glacis. 


2 EEA OL 


— 


Of the Rampart. 


The rampart is a maſſy bank of earth ſurrounding 
the place, It ferves to range the foldiers and the 


66 


1 


* Fig, 1. Plate I. and II. is referred to — this ſection, unleſs 
expreſſed to the contrary. 


artillery, 
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artillery, to cover the buildings, and to overlook and 
command the environs. The dimenfions of a ram- 
part are determined by the ſituation of the place, and 
the nature of the ground : its breadth at the top is 
about 9 toiſes, and at the bottom from 13 to 14. 
toiſes; and its height is from 3 to 4 toiſes. 


Some chuſe high ramparts becauſe they have great command, 
are leſs expoſed to ſurprize and ſcalades, and prevent deſertion. 
Others prefer low ramparts, not only becauſe they are raiſed with 
leſs expence, but being leſs expoſed to the enemy's cannon, they 
oblige him to erect his batteries at a greater diſtance, and no 
breach can be made but by bringing the cannon very near the place : 


the ruins of ſuch ramparts do not choak up the ditch, the ſhot graze © 


better, and the ſoldier need not expoſe himſelf to defend the foot 
of the glacis. In ſhort, by low ramparts, the three moſt difficult 
operations of attack are rendered more difficult, viz. the approach- 
ing the place, the eſtabliſhment on the counterſcarp, and the 
paſſage of the ditch, 


The flope of "is rampart towards the place, is 


called interior talus; the baſe of which in breadth is, 


in general, equal to the height of the rampart, as 
being the natural ſlope of common earth. 


The natural ſlope of common earth making with the horizon an 
angle of 45 degrees, of clay or loom an angle of about 55 degrees, 


and of a ſandy ſoil an angle of about 35 degrees; it follows, that 


the interior ſlope of the rampart, which is generally the natural 


ſlope, will in the firſt inſtance have a baſe equal to the height of the 
rampart, in the ſecond inſtance a baſe about 4 of the height, and 


in the third inſtance a baſe about 12 of the height. 


To facilitate the aſcent and deſcent of the troops 
and the artillery on the rampart, it is uſual' to cut, in 
the 


ELEMENTS or FORTIFICATION, 11 


the interior talus, ſome oblique ſlopes, called rampes, 
of about 2 toiſes broad, with a bab at leaſt ſix times 
the height of the rampart. 

That the ſoldiers and the cannon which are placed 
upon the rampart for its defence, may be under cover, 
a parapet, commonly made of earth, is raiſed at the 
exterior border of the rampart, of about 18 or 20 feet 
thick, and at leaſt 6 feet high, with about one foot 


ſloping, that the men may ſtand and fe with greater 
_ eaſe and ſafety. 


Parapet is derived from the two Italian words, parare to defend, 
and petto the breaſt; and is, therefore, called breaſt-work. The 
dimenſions of a paraper vary according to the nature of its ma- 
terials, and the purpoſes for which it is conſtructed. Experience 
having proved, that a 24 lb. ſhot penetrates into earth between 
10 and 12 feet; it neceſſarily follows, that a parapet, when made 
of earth, cannot be leſs than 18 feet thick, to reſiſt the ſhot of 


large cannon. 


At the foot of the parapet is a ſtep of about 3 feet 
broad, called hanguette, which being deſigned to raiſe 
the men, that they may ſee over the parapet to fire 
upon the enemy, mult be raiſed within 45 feet of the 
ſummit of the parapet ; that is, when the parapet is 
ſix feet high, the banquette muſt be about 2 feet high, 
with a ſlope of about 3 feet. | 

For the purpoſe of more effectually levelling at the 
enemy, the top of the parapet is alſo made ſloping 
towards the country; and the direction of this ſlope, 
called ſuperior talus of the parapet, meets in general 
either the ſummit of the glacis, or the counterſcarp. 


Engineers 


— >> >. 


| 
! . 
5 my 
11 
I. 
if 
1:1 
" 
1 11 
: 
3 "3% 
* it % 
4 
T W 
\ 1 
7 4 
"np 
rh « 
44 . 
"nl 
ITS | 
1 
1 
1 1 
1 
. 
1 
1 ? 
Hy 
$145 
f ; 
4 ts 
1.169 
f 1 . 
1. f * 
e 
1 * * 
1 
[ . 
10 
. 
1 
27 
1 
le 
3173 of 
! — 4 
þ 17 
1 
4 
1 
4 
1 
: F 
1 
1 
nt! 
31 
5 1 
& (108 
- ft 
ii 
114 
43} 
461 4 
* F 
1 
101 
i 1 
+371! 
4 h 
E783 
1 
4711 
1 
145 
$1453 
„ 
14473 
16 
0 
g 4 
1 
Il 
. 
1 
f 
070 
inet 
752 
HIThs 
Wh 
i 
1404. N 
. 
J, 
1 
- 1144738 
11 
Ai 
1 4 
'3*F 
$8.55 
tif 
tt 
1H 
: 1 £ 
477 I's 
1431 $8 
i 
POE 
a 
1 
L El 1 
at ll 
2.8 
$8113 
400 
, 68 
3 
: 
. 
hi} 
111 
1 1 
1 
19 
Wk 
/ 
= x i} 
. 
[ 
pt 
12 1 
14 
5 oY 
IX » 
bi Ft 
1 
: 


— 8 = 4 5 
— — — 
— — — — ATI DITA PHSER 
—— —— — _ 
— — — — — — 
—_ — — 
— — — . mere rn no 


12 ELEMENTS OF FORTIFICA TION, 


„ 


Engineers never allow this ſuperior flope to be more than a foot 
per toiſe, for fear of ones,” too much hy upper part of the 


parapet. ' 


That the cannon may fire from the rampart, it is 


uſual, in the parapet of the flank, in part of that 
of the face, and ſometimes in part of that of the 


curtain, to cut openings, which are called embrazures, 


The dimenſions of theſe are about 24 feet within, 9 
feet without, and about 3 feet from the bottom. 

The part of the paraper between two nme, 
is called merlon. 

[In plans, embrazures are generally repreſented by 
iſoſceles triangles, ſet off 18 feet (the diſtance be- 
tween the embrazures from center to center) whoſe 
points or ſummits are towards the place, ] 

The upper part of the rampart that remains clear, 


after the parapet and banquette are raiſed, is called 
_ terreplein, which is generally about 6 toiſes broad, to 


receive the cannon, allow for the recoil, and afford a 
free paſſage. 
The terreplein is made with a ſlope towards the 
place, from one to two feet, to carry off the water. 
It is uſual to plant one or more rows of trees on 
the terreplein of the rampart, 


This practice is declined by ſome, on account of the ruſtling of 


the branches, which in windy weather confounds the attention of 


the ſentry with too many various ſounds. It 1s, however, generally 
adopted, becauſe it is not only ornamental, but, if the elm is 
planted, highly advantageous : the roots of that tree bind the earth 


together, and render it firmerand leſs penetrable ; and its branches 


3 | | 25:0 


it 


and nd F 
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are of ſervice in time of a ſiege to ite faſcines and — and 
its trunks to make carriages, platforms, &c. 


2 


"I'S ſopport the earth of the rampart, ond to pre- 


vent its rolling into the ditch, a wall of brick or 


ſtone is built ſloping on the exterior border, whoſe 


foundation is lower than the bottom of the ditch. 


This wall is called lining, or revetment, and the ſlope 
eſcarp, or ſcarp, which, according to ſome engineers, 
is one-fifth, and, according to others, only one-ſixth 
and even one-ſeventh of the wall's height. This 
ſlope begins at the top or parapet, and ends at the 


bottom of the ditch. 


Moſt engineers are inclined to reje& ſtone revetments, becauſe 
ſhot fired againſt maſonry make a vaſt ruin, and ſhake the whole 
fabric; becauſe when once ſtone walls have received a ſhock, and a 


part is deſtroyed, upon the leaſt firing afterwards the reſt tumbles 
down ; and becauſe, when ſuch revetments are fired againſt, the 
ſhards do much greater miſchief than bullets. Brick, not being fo 


fuſceptible of theſe evils, is a more uſeful material for revetments 
than ſtone. ; 


When the upper part, or that which anſwers. to 
the parapet, has a revetment, it is a vertical wall of 
brick of about 3 feet thick, and between 3 and 4 feet 
high; with a ſquare ſtone at the top called fablette, 
projecting about 6 inches ; and a circular one below, 
of about 8 or 10 inches diameter, called cordon. 


Even moſt of thoſe who are for the rampart having a ſtone or brick 


revetment, are againſt the parapet having either, but recommend 


it to be lined wich turf, See Fig. 1. Plate IV. 


[The 
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[The line imagined to paſs through the upper part 
of the cordon, which 1s the magiſtral line, is alſo called 


line of the cordon. ] 

The dimenſions of a revetment are to be adapted 
to the preſſure of the earth it is to ſupport.“ A tevet- 
ment, when of 10 feet elevation, is at the top 4 feet; 
and for every 10 feet more, it is increaſed ſix inches: 
thus (the baſe of the ſcarp being one fifth of the 
beight) the thickneſs of a revetment of 30 feet ele- 
vation, will be 5 feet at the top and 11 feet at the 


bottom. The height of a revetment is meaſured 


from the bottom of the ditch, excluſive of the 


foundation. 
To ſtrengthen the revetment, it is uſual to raiſe, 


within the rampart, ſome pillars of maſonry, (the 


baſe of which is commonly a rectangle) called ſpars, 
buttreſſes, and more commonly counterforts, as high 
as the parapet, and ſometimes 2 feet Meder, to give 
it the greater ſtrength. 


Counterforts are of various forms. The French prefer thoſe that 
have a regular trapezium for baſe; in which AB, called the Foot, 
is to CD, called the rail, as 3 to 2. See Fig. 5. Plate IV. 

Almoſt all other nations prefer a rectangle for . baſe, in which 
the length ab is to the breadth 5d, as 3 to 2, becauſe they unite 
better with the wall, and the workmanſhip being eaſier, will con- 
ſequently be cheaper. See Fig, 5. Plate IV. 


> 


* — 
6 ä 


* Mr. Vauban was the firſt who has given any rules for finding the dimen- 
fions of revetments; Mr. Belidor greatly improved thoſe rules; and we are 
much indebted to Mr. Muller for the perfection to which he has brought 


them, 
Mr. 
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Mr. Belidor, in his Science des Ingenieurs, obſerves, that if the 
root EF was to the tail GH, as 2 to 3, inſtead of 3 to 2, the 


form of the counterforts would be preferable ; for their center of 


gravity being further from the wall, they would ſupport a greater 
weight, and would not ſo eakily be Geltroyed by cannon. See 
Fig. 5. plate IV. ; 


The dimenſions of counterforts vary, in proportion 


to the elevation of the rampart. A counterfort to a 


revetment of 10 feet elevation, is four feet in length, 
and increaſes two feet for every ten more; and its 
breadth is 2 feet and 8 inches, increaſing 1 foot 4 
inches for every ten feet more; that is, in the pro- 
portion of its length, as 2 to 3: thus, the counter- 
forts for a revetment of 35 feet elevation, will be in 
length 9 feet, and in breadth 6 feet. 

Mr. Vauban fixes the diſtance between the counter- 
forts at 18 feet from center to center; but the regular 
diſtance between the counterforts, is more propor- 
tional when twice the length of the counterfort; or, 
which is the ſame thing, is 4 times the breadth from 


center to center. 


Fig. 6. Plate IV. is the plan of a revetment of 30 
feet elevation, with counterforts at proper diſtances, 
and of true length and breadth. 
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Of the Dimenſions of a Revetment, and 
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On account of the great expence of ſtone and 


brick revetments, and becauſe no wall can be raiſed 
to withſtand a numerous artillery, and alſo becauſe a 
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out throwing down, or ſo much as ſhaking the con- 
tiguous parts; many are inclined to reject both ſtone 
and brick revetments, and adopt thoſe of turf, 


It is not ſo much on choice, as on the nature of the country, 
that the material for revetments depends : in ſome parts of France, 
where ſtone is plenty and turf and brick are ſcarce, what can be 
uſed but ſtone? In Holland, where there is no ſtone, they mult 
uſe either brick or turf ; and in the remote parts of Ruſſia and in 
Amerioa, they chiefly make uſe of wood. 


The rampart which has no ſtone or brick revet- 
ment, has without and at the foot of it a little ſpace, 
called berme, of 4 or 5 feet, to prevent the earth 
falling into the ditch ; and becauſe ſuch ramparts are 
much expoſed to ſurprizes and ſcalades, it is uſual to 
fraize them. See Fig. 2. Plate IV. 

To avoid the great expence of full revetments of 
ſtone or brick, and the defects of ramparts which 
have only turf revetments, many uſe a half revet- 
ment; that is, they raiſe the wall level with the hori- 
zon. See Fig. 3. Plate IV. 

But, as a greater ſecurity againſt ſurprizes, others 

recommend raiſing the revetment ſomewhat higher 
than the horizon, but ſtill ſo as not to be expoſed to 
the batteries of the enemy; in which caſe the ſpace 
that is left without the rampart, ſerves as a chemin 
des rondes. See Fig. 4. Plate IV. 


The chemin de rondes, which is a way for going the rounds in 
the night, to obſerve whether the ſentries are awake and attentive 
to their duty, ought to be 3 or 4 feet broad. | 
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The chemin des rondes was formerly at the foot of the parapet 


towards the country ; that is, there was a ſpace of 3 or 4 feet 
broad, between the perpendicular wall raiſed above the cordon and 


the parapet, 
The uſe of it, however, was laid aſide by Mr. Vauban, who, 
nevertheleſs, in a work entitled Defenſe des Places, owns, that 


were he to begin again, he would have chemin de rondes. 


It is obſervable, that the thickneſs at the bottom of 


a half, or a leſs or greater revetment, is to be the fame, 


as if the revetment was to be continued to the top, or 
full height; and the ſame alſo of the counterforts, 
which then are not always raiſed level with the revet- 
ment, but ſometimes two or three feet lower. . 
That the ſeveral parts of a fortreſs may be flanked, 
that is, defended, certain parts of the rampart, of 
a pentagonal form, are ſaliant, as B, and are called 


baſtions. 


Of Baſtions. 


A Baſtion, which moſtly conſiſts of two faces, two 
flanks, and an opening towards the center of the 


place, called gorge, is generally placed at all the 
ſaliant angles. Baſtions are joined together by the 
curtain. | 


The invention of the baſtion is by many writers given to Ziſca, 
chief of the Huſſites, whom they ſuppoſe to be the firſt who in- 
troduced that method when he fortified Tabor : Mr. Folard attri- 
butes it to Achmet Pacha, an admiral in the reign of Mahomet II. 


3 who 


fo 
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who having taken Otranto in 1480, fortified it with baſtions: and 
the marquis of Maffei aſcribes it to San Micheli, an engineer of 
Verona. But baſtions are more probably a gradual improvement 
than a ſudden invention; for, in their firſt ſtage, they were the 
ſquare towers of the antients, with this difference, that they pre- 
ſented to the field an angle inſtead of a face, and the angle 
Oppoſite to this was cut off for an entrance; that is, they conſiſted 
of three right angles, 2 equal faces, and 2 equal flanks about half 
the length of the faces. To be convinced of this, we need only 
examine the baſtions of Sedan, a town in France moſtly fortified by 
Errard an engineer in the ſervice of Henry IV. 


A baſtion is called full or ſolid, hen the level 
ground within is even with the rampart; that 1s, 
when the rampart is not drawn parallel to the flanks 
and faces, but breaks off juit before the baſtion. 

It is in full baſtions that cavaliers or retrenchments 


are raiſed. The uſe of the cavalier is to command 


the environs, and is, in general, another baſtion, 
raiſed upon the firſt, and of the ſame form, as I; and 
the retrenchment is any work that ſerves to ſecure a 
retreat in the baſtion, and conſiſts generally of a 
Parapet and ditch, as O. 


Many reje& the uſe of cavaliers in baſtions, becauſe they 
prevent the making retrenchments, which are ſuppoſed to be of 
greater advantage. Cavaliers are never made but when there is 
a hill, or riſing ground, which overlooks ſome of the works. 


Underneath the cavalier are occaſionally made 
ſouterreins, vaulted, and bomb proof, which ſerve as 
magazines for the ſtores and ammunition, and as a 
retreat in the time of a fiege. 


C 2 Tig 
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„ Plate V. repreſents a of a baſtion with its ſouter- 
reins, | 

Fig. 2. is the profile taken upon the length of the ſouterreins. 

Fi Ig. 3. is the profile taken upon the breadth of the ſouterreins. 


A baſtion is called empty or bollow, when che level 
ground within is lower than the rampart; that 
is, when the rampart is made to run parallel to 
the flanks and faces, as 2222. 

It is in hollow baſtions that powder magazines are 
built, as abcd. | 


Mr. Vauban was the firſt who conſtructed powder magazines after 


the preſent form, that is, rectangular: but as his method has been 


much corrected * Mr. _— the conſtruction of the latter only 
is here given. 


Fig. 1. Plate VI. is the plan of a powder magazine, and Fig. 2. 
the profile taken in its breadth, 


At the flanked angle of the baſtion it is cuſtomary 
to erect platforms,“ within 3 feet of the ſummit of 
the parapet, to fire en barbette, that is, without the help 
of embrazures : theſe batteries, which are advan- 
tageous in the infancy of a ſiege, are by the French 
called batteries en barbe, or en barbette, becauſe the 


ball in its flight ſhaves the graſs from the ſuperior 


talus of the parapet. 


Firing en barbette, was in ſo much eſteem with the chevalier de 
Ville, that he recommends the parapet to be raiſed only 3 feet 
high. 


. 4 — 
1 


2 


Platform is a floor made of ſtrong planks laid upon joiſts to place the | 


cannon and mortars upon, and to prevent the wheels of the one and the 

bed of the other from ſinking into the ground. In fortreſſes, the platform, 

tor the ſake of durability, is often formed with large flag ſtoncs. I 
. 
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It is further to be obſerved, that when the diſtance 

between the angles of the interior ſide of the polygon 
is double the uſual length, that is, when the curtain 
is too long to admit the collateral baſtions to flank 
each other; it is uſual, in the middle of the curtain, 
to conſtruct a baſtion for the defence of the collateral 
baſtions ; and this is called fat baſtion, as B, Fig. 3. 
Plate VI. 

A baſtion is called a demi. baſtion, when it has but 
one face and one flank, as C, Fig. 3. Plate VI. 

This baſtion terminates on each ſide the front of a 
horn and crown work; and is of uſe in irregular for- 
tification, as it is conſtrued on ſuch acute angles as 
do not admit a whole baſtion, 

A baſtion is called an orillon baſtion, when that part 
of the flanks towards the ſhoulders of the baſtion is 
rounded off, as A, Fig. 3. Plate VI. 


Orillon baſtions, though rejected by ſome on account of the 


great expence of their revetment, are yet generally adopted as a 
more ſecure defence. 


The part rounded off, as F, is called orillon, and has 
generally for diameter + part of the flank. Orillons 


are very uſeful for covering the retired part of the 


flank, which they effectually do, all but that part 
directly in front. 


The retired part of the flank, though by ſome 


recommended to be made ſtrait, as more advantageous 
and leſs expenſive, is uſually made concave, and on 
an arc of 60 degrees, as E. 

3 - Taartaglia, 
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| Tartaglia, a Mathematician of Venice, was the firſt who made 
the rerired part of the flank concave, to obtain a better view of 


the curtain, which, in his time, was very long, and alſo the prin- 
cipal point of attack. 


The principal point of attack, fince the introduction of large and 


ſpacious half moons, being changed from the curtain to the faces 
of the baſtions; if a ſtrait flank, though far preferable to defend 
the paſſage of the ditch, is deemed inſufficient, the concave flank 
ſhould, it ſeems, not be formed on an arc of 60 degrees, but on an arc 


having for center that part of the face of the baſtion where the 
breach is uſually attempted, 


That part which joins the flank to the curtain, as 


G, is called retrent, or brizure; and that part which 
Joins the orillon to the flank, as H, is called counter- 
brizure, but more commonly the reverſe of the orillon, 
which being covered by the faces of the baſtion, needs 
no parapet, In this part, ſmall gates to vaulted 
Paſſages under the rampart, are uſually made, called 
poſterns, for the ſoldiers to deſcend into the ditch, and 
to have communication with the different out-works. 
When the flank has no orillon, the poſterns are then 
made on the extremities of the curtain. 


In the rampart of the retired part of the flank, it was formerly 
the practice to conſtruct ſubterranean vaults, bomb- proof, with 
openings for firing cannon, and as it was ſuppoſed they would 

_ occaſion great ſlaughter, they were called Caſemates, from the Spaniſh 


Caſas-matas, ſlaughter-houſes. They did not, however, anſwer ex- 


pectation; for the ſmoke not having ſufficient vent, almoſt ſmothered 
the men, and diſqualified them from ſerving the artillery with 
any effect. Count Pagan, to obviate the ill effects of the ſmoke, 
rejected the ſubterranean vaults, and, inſtead of one, conſtructed 
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three flanks, raiſed one above another at an equally retired diſtance ;* 
and being expected to produce equal if not more ſlaughter, the 
flanks were alſo ſtill called caſemates. For both theſe practices, 
though much condemned, there are Rill os advocates. 


u E M A 


The ſpace contained within the rampart, is called 
Body of the Place; ſo that, to conſtruct the body of 
the place, means the conſtruction of the baſtions and 
curtains. 


Of che Ditch. 


At the exterior foot of the rampart, a deep trench 
is dug, as K, called ſaſſe, moat, or ditch, to prevent 
ſurprizes, and to furniſh the earth neceſſary for raiſing 
the rampart, parapet, cavaliers, &c. Its breadth is 


from 15 to 20 toiſes, and its depth from 10 to 20 
feet. 


Many prefer broad and deep ditches, imagining they increaſe 
the difficulties of the enemy in his deſcent and paſſage, two very | 
dangerous operations in a fiege: but ditehes, when too broad, 
greatly expoſe the foot of the ramparts; and, when too deep, 


eſpecially if dry, they have no defence from the cannon of the 
flanks, which cannot ſcour their bottom, 


Mos 


— 


* In the old works at Portſmouth, there are an upper and lower flank 
after this method. | 


ET — 
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The line which terminates the breadth of the ditch, 
that is, the fide oppoſite to the rampart, is called 
counterſearp* ; and, to make the deſcent more difficult, 
it has generally a revetment of ſtone or brick, In the 
re- entring angle of the counterſcarp, it is uſual to 
cut ſome ſteps, called by the French pas des ſouris, 
to communicate with the ditch : for the ſame reaſon 


alſo, there are ſteps cut in the ſaliant angle of the 


counterſcarp, as 1, 2. It is obſervable, that this, 
and all other ditches, are generally rounded off at 
their ſaliant angle. 


A ditch is either wet or dry, according to the 
ſituation of the place; both have their advantages 


and diſadvantages, 


Some engineers prefer wet ditches, eſpecially for places of great 


extent, becauſe they prevent ſurprizes, and are not ſo eaſily carried | 


by aſſault. Others prefer dry ditches, becauſe the communication 
with the outworks is ſafer and eafier, becauſe fallies may be more 
frequent and ſecure, and becauſe the ground may be diſputed 
inch by inch. Such ſituations as Valenciennes, Landau, Mezieres, 
and Olmutx, where the ditches are occafionally either wet or dry, 
are the moſt eſteemed, as uniting the advantages of both, 


In a dry ditch it- is uſual to have a ſmall ditch in 
the middle, as L, called cuvette, of about 3 or 4 toiſes 
in breadth, which ſerves to carry off the water. 

In ditches where the water cannot be kept up at 
a regular height, on account of the it irregularity of the 


— —— 
I” 


Though counterſearp is properly the ſlope of the ditch oppoſite to the 


rampart, yet, by this name, is ſometimes underſtood the covert way and 
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ground, a maſſive perpendicular pile of maſonry, 
called batardean, is raiſed to obtain that end. 


Batardeaux are not uncommon in ditches which communicate 
with: the ſea or a large river, to prevent ſurprizes by detachments 
in boats, barges, &c. in which caſe, in ſome part of the batardeaux, 
ſhutters are made, ſo as to ſlide up and down in grooves, to let the 
water in and out as occaſion may require. | 


The batardeau is generally raiſed on the capital 
prolonged of a baſtion; and has, for length, the 
breadth of the ditch, or for thickneſs or breadth, from 
15 ro 18 feet, to be able to withſtand the enemies 
batteries. The height depends upon the depth of 
the ditch, and upon the height to which it is neceſ- 
ſary to keep up the water. The ridge ſhould not 
much, if at all, exceed the counterſcarp, to prevent 
being expoſed to the view of the enemy. 


In the middle of the length of the batardeau, a 


maſſive cylindrical turret is raiſed, whoſe height ex- 
ceeds the ridge of the batardeau ſix feet. This turret 
is erected to prevent the enemy croſſing the ditch 
upon the ridge of the batardeau to the walls of the 
rampart, and afterwards by the help of ladders to get 
into the town ; it ſerves allo to prevent deſertion. 

[[n plans, batardeaux are repreſented by two lines 
equidiſtant from each other from 15 to 18 feet, that 
is, the thickneſs of the batardeau, with a ſmall 
circle in the middle, to expreſs the plan of the turret : 
between theſe two lines, on each fide of the circle, a 
third line is drawn to expreſs the ridge of the roof.] 


REMARK. 
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REM A-R IK, 


To diſtinguiſh the ditch of the body of the place 
from every other, it is here called great ditch. 


Of the Covert Way and Glacis. 


The Covert Way is a ſpace level with the horizon, 
of 5 or 6 toiſes in breadth, made parallel to the 
counterſcarp, as M; and covered by a parapet as N, 
at leaſt 6 feet high, with a banquette to raiſe the men, 


that they may ſee to fire over this parapet, which, 


on account of its great ſlope, is called Glacis. The 
ſlope of the glacis terminates towards the field till 
it meets the horizon“, which has a baſe from 15 to 30 
times its height, that is, from 15 to zo toiſes. 

The covert way and glacis are of great uſe in 
rendering the approach to the place more difficult, 
and covering the rampart, at leaſt in ſuch a manner 
as that an enemy, to batter it, muſt be obliged to 
bring his cannon on the ridge or top of the glacis. 


The covert way, though in general made level with the horizon, 


is ſometimes ſunk one or two feet lower, which, as it decreaſes the 


depth of the ditch and expoſes the rampart, is diſadvantageous, | 
but yet unavoidable when the ditch furniſhes not a ſufficient quan- 


tity of earth. It is, however, ſometimes raiſed one or two feet 


hgh LY 
* 


* This ſlope is generally recommended to be in a line with the top of the 


rampart. | 
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above the horizon, which, as it then increaſes the depth of the 
ditch and covers the n cannot but prove proportionally 


advantageous. 


At the ſaliant and re- entering angles of the covert 
way, a greater ſpace is generally left, which is called 
place of arms. The ſpace, 9, at the ſaliant angle, is 
called ſaliant place of arms; and the ſpace, p, at the 
re- entering angle, is called re-entering place of arms; 
the former is formed by rounding off the counter- 


ſcarp, and the latter is formed out of the glacis. 


The. uſe of re-entering places of arms is to flank the 


ſaliant parts of the covert way, and to ſerve as a 


rendezvous for the troops employed in the defence of 
the covert way. 

It is not unuſual to cut an opening of 10 or 12 
feet wide, as r, in each fide of the re- entering place 
of arms, which, in time of a ſiege, ſerves as a paſſage 
for ſallies: theſe openings have a gate or barrier to 
defend their entrance. . 

The ſeveral ſides of the covert way are called 
branches. 

To prevent the ill effects of ricochet batteries* , 
the covert way is interſperſed with ſolid heaps of 


* 


— 


Ricochet batteries have cannon loaded only with a quantity of powder 
ſufficient to carry the ball in the direction of the faces, flanks, &c. of the 
works that are attacked. The ball thus expelled ſoon meets the ground, 
and then rolls and bounds onwards, to the great deſtruction of all that 
ſtands in the direction of its courſe: it occaſions much more diſorder, and 


proves more fatal, ſhot in this anner, than it would with the full charge 
of i. | 


M. Vauban 
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eh, as t, called traverſes} ; and the traverſes, 
which are as long as the covert way is broad, have a 
banquette, and at the faliant angles are generally leſs 
thick than at the re-entering angles, where they are 
commonly cannon proof. 


| The ill effects of the ricochet batteries are greatly prevented by 
raiſing the ſaliant part of the glacis, for the ſpace of 8 toiſes on each 
fide, 5 or 6 feet higher than the reſt; and, in the ſame manner, 
the part of the parapet near the ſaliant angles of all works. 


As a ſecurity againſt ſurprizes, the covert way is 
paliſaded; that is, ſtakes of ſtrong ſplit wood, 
called paliſades, are fixed ſomewhat ſloping towards 
the country, in the terreplein of the banquette, 
which, for the purpoſe of receiving them and the 


men, is from 5 to 6 feet broad. Paliſades would be 


more advantageous, if fixed within the covert way, 
and diſtant 6 feet from the ridge of the glacis. 
The paliſades, to be of greater ſtrength, are held 


together by a rail. The head of the paliſades never 


riſes higher than 6 inches above the top of the glacis ; 


and the paliſades are ſo cloſe to each other, as only 


to admit the muzzle of a firelock between them, 


The covert way and glacis have been long eſteemed as the moſt 
eſſential parts of a modern fortification, not only becauſe they 


— 


— 


M. vauban invented the ricochet, and the common opinion is, that he 
firſt executed it at the ſiege of Ath, in 1697; but in a letter written by him 
to M. Louvois, immediately after the ſeige of Philipſburg in . he 
mentions his having uſed it at that ſeige with ſucceſs. 

+ The terreplein of all works is alſo occaſionally interſperſed with traverſes, 
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cover the works, and render the approaches to the place more 
difficult; but alſo becauſe they enable the garriſon te oppoſe the 
enemy in force and under cover, and to make ſallies with more 
eaſe and ſafety. | Of late, however, theſe works have loſt that ge- 
neral eſteem in which they were held; for ſome writers of emi- 


nence in fortification repreſent them not only as uſeleſs in themſelves, 


but alſo as detrimental to the defence: they pretend to perceive, in 
this inſtance, the unhappy influence of the prevailing opinion, that 
what is commonly done muſt be beſt done; and lament that flaviſh 
attachment to old practices, which proceeds from the fear of trying 
new ones. So great a change of opinion, with reſpect to theſe ca · 
pital works of defence, muſt ſurely ariſe from the change in the me- 
thods of attack, which, inſtead of being made by aſſault or open 
force, is now made by cavaliers de tranchee, ricochet batteries, and 
by crowning the glacis, and eſtabliſhing batteries on the ridge of 
the glacis. | 


The more effectually to cover and defend the body 
of the place, ſeveral works, befides the covert way 
and glacis, are generally raiſed, which are ſeparated 
from each other, and are called Ou:-Iorks. 

When any out-works are raiſed, the covert way and 
glacis are then made parallel to the counterſcarp of the 
ditches of thoſe works ; that is, they environ them. 
When any work is made beyond the covert way and 


glacis, it is On by the name of Advanced 
Work, 
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Deſcription of the principal Outworks. 


FIG. 1.  FLATE 1 


P, Q R. Tenail. 
8, Caponiere. 
U, Half Moon, or Ravelin. 
X, Counterguard. 
Y, Lunettes. 
A, Tenaillons. 
A, Horn Work. 
B, Crown 8 n 


Of the Tenail. 


The Tenail is a work erected before the curtain, to 
increaſe the defence of the ditch, The terreplein of 
this work is never raiſed above the horizon, but is ra- 
ther from 1 to 3 feet lower, that the fire from behind 
the parapet, which is cannon proof, might be more 
grazing, and conſequently more deſtructive, 


—— INES 
— 


® Plate L is referred to throughout this ſection, unleſs expreſſed to the 


contrary. 
There 
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There are ſeveral ſorts of tenails: that marked 
p, which is called ſimple tenail, is formed in the 
direction of the lines of defence; that marked R, 
which by many is alſo called ſimple tenail, differs 
not much from the firſt, except that the middle part 
is made parallel to the curtain; that marked Q, 
is called tenail with flanks, but more commonly double 
tenail, and confiſts of two faces, two flanks, and a 
curtain, | 
| Theſe tenails have a paſſage from 3 to 3 toiſes be- 
tween the flanks of the baſtion; and alſo a paſſage of 
about two toiſes in the middle. The ſpace between 
this work and the curtain of the body of the place, 


which is generally about 3 toiſes when the ditch is 
dry, ſerves as a place of arms, from which the troops 


may fally, deſtroy the works of the enemy in the 
ditch, oppoſe their deſcent, and retire with ſafety ; 
and, when the ditch is wet, it ſerves as an harbour 


for boats, which may carry out armed men to oppoſe 


the paſſage of the ditch. 


Tenails, however, are ſeldom made but in wet ditches ; and 
are much eſteemed, eſpecially when they have a full revetment. 
M. Vauban introduced the tenail, in the room of another work 
nearly of the ſame nature, called fal/ebray, The falſebray was 
a lower encloſure, 6 toiſes broad, covered with a parapet made 
parallel to the faces flanks and curtains of the body of the place. 
This work is univerſally condemned, becauſe its faces are much 
expoſed; and becauſe the narrow ſpace of 6 toiſes, allowed for the 
breadth of the falſebrays, which were not ſeparated from the body 
of the place, obliged the ſoldiers in the time of a fiege ſoon to quit 


it, for the ruins of the body of the place immediately choaked it 
up, and rendered it of no uſe. 


Of 
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Of the Caponiere. 


The work S, which is a kind of double covert way, 
(that is, a road or paſſage covered on each fide by a 
parapet terminating in a glacis with its banquette pa- 
liſaded) is generally made acroſs a dry ditch, from 
the middle of the curtain to the oppoſite re-entering 
angle of the counterſcarp, and is called Caponiere. 

The principal uſe of the caponiere þ is to render 


the paſſage of the ditch more dangerous to the be- 


fiegers, and to cover the beſieged in their paſſage to 
and from the out-works : and that the ſoldiers may 
not be diſcovered as they come out of the capo- 
niere, the re-entring angle of the counterſcarp is 
cut off. EE [i 
As a greater ſecurity for the communication, the 
top of the caponiere was formerly covered with ſtrong 
planks, which were commonly ſupported by the pali- 
ſades fixed in the banquettes, and -on which much 
earth was ſpread; but the confined ſmoke incom- 
moding the men too much not to render their fire 
ineffectual, this covering ſoon came into diſuſe, 


The caponieres, which have a parapet, &c. on each ſide, are 
called double, to diſtinguiſh them from thoſe that have but one 


— 1 


6 


+ The road or paſſage of the caponiere is generally ſunk 3 feet 
lower than the level of the ditch, and is from 2 to 4 toiſes broad ; the 
ſuperior talus of its parapets is made to loſe itſelf in an inſenfible ſlope, at 
the diſtance of 10 or 12 toiſes from the interior paxt of its parapets, 
which are at leaſt fix feet high. 


parapet, 


dit 


ELEMENTS Or FORTIFICATION. 33 
parapet, as 4. The ſingle caponiere, which is alſo raiſed in a dry 


ditch to oppoſe the paſſage of it, is not uncommonly called Place 


* a 


ira 
ee" E 1 1 E. 


Wherever #6 is 4 caponiere, | there | is ; generally a 
ſingle tenail, as T with a parapet, having the ſame 


inſenſible flope : as the e of the eaponiere. . * 


Or the Hale Moon. 
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The ee U, raiſed bafere: the curtain to cover 
the flanks and curtain, is called Half Moon, and 


ſometimes Ravclin. This work, which is nearly of a 
triangular form, has its ſemi-gorges ey, fp, formed 


by the re- entering angle of the counterſearp; and its 
faces eh, gh, making the ſaliant angle eh, is directed 


upon the faces of the baſtions, 5 or 6 toiſes from 
the ſhoulder, though it is more advantageous when 


directed 10 or 12 toiſes, as it then more ene 
covers the flanks. | 
Half moons have a rampart, parapet, and ban- 
quette, which are parallel to the faces : the parapet and 
banquette are the ſame as thoſe of the body of the 
place; but the terreplein of their rampatt, which 
is from 4 to 5 toiſes broad, is generally from 3 to 
6 feet lower than the terreplein of the body of the 


place, that the half moons mY be overlooked from 


'T hn ditch, which. environs this work, is made to 
D 5 commu- 
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communicate with the great ditch, and 18 from 1 10 to 
12 toiſes broad. 


Neither the ſemi- gorges, nor any part of the half 


moon, or indeed of any other outwork that looks 
towards the place, have a rampart or a parapet, as 
they would only ſerve to cover the enemy, when in 
 pofſeſſion, againſt the fire of the place. — 

Half moons, beſides the advantage of covering "the 
flanks and curtains, ſerve as a defence to the faces'of 
the baſtions, which, without them, cannot properly 
be ſaid to be defined but by one flank. The 
parts, i, of the faces of the baſtions taken in by 
the faces of the half moon, and the counterſcarp of 
its ditch prolonged, ſetve as flanks; for they not only 
flank the faces of the half moon in their whole extent, 
but alſo its ditch. In this part, two or three embra- 
zures are generally made. : 58h 

To ſecure a retreat for the ſoldiers wh . th 
half moon, it is not unuſual to raiſe a ſecond half 


moon within the firſt, as V, which is called reduit. 


The parapet of this reduit is generally: a ſtone or 
brick wall of a foot and half thick, with ſeveral loop- 
holes for the muſketry to fire through; and its ditch 
is from 4 to 6 toiſes broad 5 451 og 

To give half moons a greater power of defence, 
many raiſe them with flanks, as W; in which caſe 
they reſemble baſtions detached from the body of the 


place; and, as they more directly defend the ditch 


1 —»—̃ — 


1 


In the half moons of the old works at e there are ſuch 
reduits, but without a ditch. 
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and faces of the baſtions, they. would certainly be of 
greater advantage, were it not that the enemy 
always endeavours to make himſelf maſter of the 
half moon, before he r the paſſage of the 
great ditch . 


374179. 1 * $% 7} Fo —— 7. „ 071! My eZ A * 
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The ane befors all curtains, is FOE ak 
been always generally approved, eſpecially when they 
ſpacious. The introduction of this work has ariſen Fro the c 
diſcovered in our mode of fortification, which, in its infancy, 
adopted long curtains and ſmall baſtions; for theſe baftions being 

roo far ſeparated, and' every one in itſelf too much er poſed, could 
but imperfectly defend each others faces; an intermediate work, 
therefore, became neceſſary, and being found advantageous, it has 
dn continued ever Ince, with ſa per die er | 


1 
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Ot th Counergrak, 


* 
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The work X, bc is ; generally — — 
baſtions to cover their faces, is called counterguard, 
and ſometimes tover- ace: it confiſts of two faces, 
making: a ſaliant angle parallel to the faces of rhe 
baſtion. The faces of the connterguards gr are flanked 
by the faces of the adjacent half moon s. 

Counterguards not only cover, the faces, but a 
= flanks . of the baſtions, before which they are 
raiſed: they ſerve likewiſe to cover the flanks of the 
oppoſite and . flanking bafſtions,* which, they do fo 
effectually, that an enemy cannot diſcover: elt, Wake 
till he is lodged in the counterguard. 


4. 


— a — — 


I The balf moons of the old works at Portſmouth have flanks, 


D 2 The 
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The figure, 5, 6, 7, 8, 9; repreſents what formerly was con- 
ſtructed for a half moon, deriving 'its hame from the part 5, 6, 


being circular. This work is now laid aſide, as neither giving nor 
receiving much vaio tapas? | 3 1 


The ditch, parapet, and banquette, are the” ſame 
as thoſe of the half moon; but the terreplein of 
the rampart, which is from 3 to 6 feet lower than 
that of the body of the place, is on 3 vr 4 toiſes' 
broad, 4 that the enemy may not have room to cover 
and erect batteries to deſtroy. the, oppoſite flanks 
of the baſtions, before n hd ans de is 


i „ ee 190011 eien ail ene ana ray! 
The counterguard is generally ſuppoſed to be a very good de- 
fence, and, next to the half moon, is, of all the outworks, chiefly 
recommended. Though counterguards are moſt advantageous when 
raiſed before a a g ny are Ny _ before a half 
moon N ; 0 „5 N Jt * 


REMARK. 


1. o ſupport the earth of the rampart of the half 
moon and counterguard, and prevent its rolling into 
the ditch, it is uſual to give it, if not a whole, at leaſt a 
half revetment of ſtone or brick. As all other out- 
works are not eſteemed of ſo much conſequence, the 
precaution of giving them even a half revetment is not 
generally obſerved; they have, however, a turf re- 


vetment, which, in order to avoid ſurprizes and Tea” 
lades, is fraized, 
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The works VL, pisse on both fides of the half 
moon, are called Lunettes. Each work conſiſts gene- 
rally of two unequal faces: the leſſer, mo, is 
directed perpendicularly to and about the middle of 
the faces of the half moon; and the greater, un, 
is directed alſo perpendicularly to the faces of the 
baſtion : this perpendicular direction is given to ob- 
tain a more direct defence for the faces and ditch. 

To cover the ſaliant angle of the half moon, and 
increaſe the defence, it is cuſtomary to join to thoſe 
works, a. third work, Z, called by ſome counterguard, 
and by others bonnet, 


| Of Tenaillons. 


The works 4, placed alſo on each fide of the 
half moon, are called Tenaillons x. Each work, like 
the former, conſiſts of two unequal faces: the leſſer, 
St, is formed, by prolonging the faces of the half 
moon; and the greater, os, as nearly as poſſible, is 


directed perpendicularly on the faces of the baſtions 


that are to flank them. 
To cover the faliant angle of the half moon, and 


(ATE 4 
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[| * Theſe e are we many; called us 18 to dub 0 them * 
the former, which they call ſmall lunettes. | 
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to increaſe the defence, it is uſual to join a third 
work B, which is a ſmall half moon. 

Lunettes and tenaillons are advantageous, becauſe 
they cover not only the half moon, but alſo the tenail 
in the great ditch, and afford a conſiderable defence 
to the covert way. The ditch, parapet, and banquette, 
are the ſame as thoſe of the half moon and counter- 
guard; and the ramparts of theſe works are from 3 
to 6 feet lower than 450 of the half moon. 
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All out-works bave ae. ramparts lower than that 
of the body of the place. When ſeveral out-works 
are raiſed one before the other, that which is neareſt 
to the body of the place has its rampart at leaſt 3 feet 
lower ; and the out-work which is raiſed Juſt before 
this, has its rampart at leaft 3 feet lower Mill, and 
ſo on, decreaſing nearly in the ſame proportion. The 
terreplein of all ramparts in out-works | 1s generally as 
narrow as poſſible, that the enemy r may not have 
room to cover himſelf from the fire of the body of 
the place. At the flanked angles of the different 
out- works, platforms are raiſed for firing enbarbette 
with the ſmaller cannon; and in the parapet of theſe, 
embrazures are cut for firing as occaſion requires. 


The 1 which has fo cederally prevailed of making the works 
lower and lower in proportion as they are further from the body 
of the place (which is done to enable the garriſon to fire from all 
the works at the fame time, both with great and ſmall arms) 


L 4 ſeems 
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| ſeems to have loſt many of its advocates, ſince M. de Saxe has 


adopted a different opinion: he recommends making the out - 
works, at leaſt the counterguards and half nbons, as high as the 
wy of the uy þ | 


REMARK. 


The exterior fide of a polygon, fortified by a 
curtain, and the half of the two collateral baſtions, 
with whatever out-work is within the capital pro- 
longed of theſe baſtions, is called front of fortification : 
hence the works within the ſpace HIKL, form a front 
of fortification. 


Of the Horn Work. 4 
The 5 A, Plate III. is called Horn Work, 


and is ſometimes placed before a baſtion, but more 


commonly before a curtain: it confiſts of a front of 
fortification, that is, of a curtain and two half baſtions, 
which are joined to the place by two long fides CD, 
called wings or branches. 


Of the Crown Work. 


The work B, Plate III. is called Crown Work, 
and is ſometimes placed before a baſtion, bur, like the 
former, more commonly before a curtain : it conſiſts of 
two fronts of fortification, that is, of an entire baſtion 
between two curtains, and two half baſtions, which 
are joined to the body of the place by two long ſides 
EF, called rings or branches. 

D 4 | The 
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The horn and crown works are chiefly made to 
encloſe a ſuburb; to cover a river; to occupy a 


ſpot of ground, that might, if neglected, be advan- 
tageous to the enemy; and to cover the gates of a 


town, Storehouſes and hoſpitals are often erected in 
| them, | 


The horn and crown works are rejected by many writers on ac- 
count of the great expence of their revetment, which is abſolutely 
neceſſary to render them ſtrong and reſpectable, pretending that 


works of much lefs expence may be conſtructed to anſwer the ſame 
purpoſes, 5 


Beſides the out- works already deſcribed, which 
are reckoned the princi al, there are others of great 


importance, that will be conſidered as cher occa- 
ſionally occur. [7 


In the defbude of places, ſome engineers depend upon few 
works ; whilſt others, without any regard to economy, introduce 
a vaſt multiplicity, Both, however, have an in view the 
following great object: 
N 
To defend the country about the place to a certain diſtance, not 
leſs than 600 toiſes; and to prevent the beſiegers from approaching 
the place, and conſtructing batteries near it. 
a” 
| To defend the counterſcarp, and prevent the beſiegers eſtabliſh- 
ing or extending themſelves thereon, 
3d. 
To defend the R of the ditch, and prevent ive making 
2 breach, 
4th, | 
To withſtand the aſſault, and prevent the beſiegers from making 


a lodgment in the breach, and from becoming maſters of the 
1 


. þ * 'That 
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That the communication between the body of the 
place and the out-works, and alſo between the out- 
works and the country, may be preſeryed, paſſages 
are cut through the rampart of the different works, 


leading to bridges thrown 2 the ditches of thoſe 
works. 


Of Communications. 

The principal communication from the body of 
the place to the half moon, is by a vaulted paſſage 
that leads to the bridge thrown acroſs the great ditch : 
this paſſage is generally cut through the middle of 
the curtain, which being defended by the two adjacent 
flanks, is the moſt ſecure part. 

At the entrance or interior extremity towards the 
town, and at the exterior extremity towards the coun- 
try, is a gateway, uſually containing one room for the 
officer of the guard, another much larger for the 
private men, and a third for a priſon. 

Over the exterior gateway is a chamber to re- 
ceive, through an opening in the floor, the upper 
part of the Portcullis, when it is raiſed for a free 


* 
4 * ll 
X 


"_— 


 ® The portcullis is a machine, hung within the arch of the gateway 
at the exterior end of the vaulted paſſage; and as it is let down and 
raiſed again with great eaſe, it is an important ſecurity againſt ſurprizes. 
There are two ſorts of portcullis; one, called the orgue, which conſiſts of as 
many pieces of timber as the breadth of the gateway will admit, about 
I4 feet in length, pointed with iron, and clear of each other about 
6 inchesz they hang perpendicularly from a cylindrical beam, to 
——_ they are ſeparately faſtened with ropes, The whole machine falls 

; | by 
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paſſage; and over the interior gateway, is an apart- 


ment for one of the port captains, or town adjutant. 

The bridge, excepting the foundation, which is of 
ſtone, is generally conſtructed with timber, and con- 
ſiſts of two parts; the one fixed, called Janding-bridge; 
and the other moveable, called draw-bridge. 

When the ditch is very wide, two draw-bridges 
are neceſſary, one about the middle of the ſtanding- 
bridge, and the other contiguous to the ſcarp. The 
draw- bridge at the ſcarp is made to riſe by fixing two 
cylindrical weights to the chains, which move in a 
curveæ on each fide of the paſſage: the draw - bridge 
in the middle, is raiſed by chains fixed to two arms. 

The principal communication from the half moon 
to the covert way, is by a paſſage cut through the 
rampart of the half moon, and leading to the bridge 
thrown acroſs its ditch: this paſſage, which is gene- 
rally made to anſwer the middle of the faces of the 


— ol * 


by its own weight on the looſening of a ſtay, and is wound up again by a 
contrivance for that purpoſe : an accident happening to one or two of 
theſe pieces of timber, does not affect the reſt. The other porteullis is 
called herſe or ſarazine, and riſes and falls in the ſame manner as the orgue. 
The perpendicular Pieces of the herſe are generally not ſo thick, nor ſo 
cloſe to each other, as thoſe of the orgue ; but they are held together by 
Horizontal bars, and are eaſily prevented from falling down by an ob- 
ſtruction in the grooves on euch fide of the gateway, or by placing a car- 
penter's horſe underneath. The orgue, which is. a more modern inven- 
tion, and not liable to ſa many accidents, is generally preferred. 

* We are indebted to Mr. Belidor for this method of moving draw- 
bridges, which is preferable to any other in uſe. Thoſe who are deſirous 
of knowing how this curve is conſtructed and the weights are applicd, may 
conſult that author's Treatiſe, entitled Science des Ingenieurs. | 

5 half 
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half moon, is not vathed; and the bridke'i is much 
the fame as that thrown over the great ditch. | 


Large gateways aud bridges ought, however, to be as fſer 
as poſſible, not only on account of their great expence, but be- 
cauſe they diminiſh the ſtrength of the fortifications, and increaſe 
the number of port guards to ſecure them: and yet it is not un- 
common to raiſe them to every other curtain. 


Fig. 1. Plate VII. is the plan of a paſſage and 1 * the 
body of the place to the half moon. | | 
Fig. 2. is their profile. 
Fig. 3. is the elevation of the ontewny towards the town. 
Fig. 4. is the elevation of the gateway towards the country. 


* 


There are ſtone ſteps made at the ſides of the inner building 
leading to the rampart, which are not marked in the plan, but 
are neceſſary, in caſe of an alarm, for the guard to mount 
the rampart with expedition. ä 

The writers on the ſubject of Gates, to . moſt attention ĩs 
paid, are Mr. Belidor and Mr. Muller: the gates of Belidor are 
of the higheſt taſte and magnificence; thoſe of Muller, who con- 
ſidered only what is uſeful and neceſſary, are of the Tuſcan order, 
and conſequently plain and ſimple. 


[In plans, the interior and exterior entrance of the 
gateways are repreſented by the plan of their covering; 
and what remains of the vaulted paſſage is often re- 
preſented by two dotted parallel lines to 1 the 
breadth of the paſſage. 

The ſtanding- bridge is repreſented by parallel lines, 
and the draw- bridge by two diagonal lines.] 

As all theſe communications, however, are much 
expoſed to the enemy's cannon, and in time of a ſiege 
are uncertain and dangerous, the communication from 

the 
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the body of the place to the out-works, and from the 
out- works to the country, is ſecured, when the ditches 
are wet, by poſterns* leading to temporary bridges, 


which are ſo conſtructed as to riſe but juſt above th 
ſurface of the water: boats are alſo uſed for the 


ſame purpoſe: when the ditches are dry, the com- 


munication is maintained by poſterns leading to ca- 


poniers. 


[In £04 poſterns are e repreſented by two "ov 


ted parallel lines to expreſs the breadth of their 
paſſage. ] | | | 
The principal communication between the covert 
way and the country, is by a paſſage Io or 12 feet 
vide, cut through the glacis in a varied direction, ſo 
as not to be enfiladed. Theſe paſſages are ſtopped at 
pleaſure by ſtrong feld gates, or barriers; and ſo, in 
general, is the immediate entrance of the bridges. 
The entrance from the ditch into the tenail, 
by ſteps cut in the interior part of its — 
but is more eaſy when made by rampes. 
The entrance from the ditch into the half moon, 
and indeed into all other works, is, in general, by 
ſteps cut in their gorge, or by rampes. 


KEE ALE 


Befides the detachment appointed to guard the 


entrance of the town gate, there are detachments to 


1 1 4 FY — 
Ld — —_—_ —_—_— _—— 


— 


Small magazines. for powder and ſtores are often built at the. ſides of 
the poſterns, that thoſe articles may be always ready for a quick con- 
veyance into the outworks. 
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guard the different principal out- works, all which are 
ſubordinate to a guard within the place, called great 
or main guard. The guard at the town gate is called 
port. guard; that of the half moon half-moon guard, &c. 


All theſe guards have rooms built for them of dimen- 


fions proportionate to the number of each. They 
place ſentries wherever occaſion requires, who {Have 
boxes, generally of a ſquare form, 50 ee _ 
from the inclemency of the weather. | | 

In plans, not only the guard rooms, but all oY 
lic buildings, are OY ITO by the plan 
of their coveriag.] ' - 


Formerly, ſentry boxes, of a pentagonal form, by the French 
called, guerites, were made of hewn ſtone, and fixed to the walls 
at the ſaliant angles of the baſtions, half moons, and other out- 
works : but as they ſerved only as marks by which the beſiegers 
directed their approaches, they came into diſuſe; and ſentry boxes, 
now, are not only built with wood, but are moveable from place 
to place, as general convenience or particular exigence may re- 
quire. The cordon and tablette in brick revetments, being alſo 
in the ſame predicament with the guerites fixed after the old 
method, they are by ſome writers diſapproved, 
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MAXIMS- OF. FORTIFICATION. . q 


F, 
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- The following Mains comprize the effentlal prin- 
ciptes of the Art of Fortification; and, in proportion 
as they are adhered to or departed from, a place is 
2 mid to be: more 188 leſs een 


U 
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Every part of a fortreſs 2 e de- 
fended by ſome other part; that is, all the parts 
ſhould reciprocally flank each other. If there was 
the leaſt ſpace in the circumference of a fortreſs; that 
could not be ſeen and defended by the garriſon, the 
enemy might approach it without eh trouble or 
loſs, and obtain an entrance, = Dug 

This maxim is of the greateſt importance, and was adopted to 
rectify the antient method of fortifying with ſquare and round 


towers, which was always expoſed to danger, becauſe every part 
could not be ſeen and defended by ſome other part, 


J 


4 


The flanking parts ought to have as direct a view 
as poſſible of thoſe that are flanked; that is, the 
defences ſhould be, as nearly as poſſible, at right 


angles, 
Experience 


N 


18 


rt 
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Experience proving that the men always fire di- 
rectly before them, without regarding whether they 


do execution or not; it neceſſarily follows, that all the 
defences ſhould be, as ditect as poſhble.: hence it is, 


that the flanks are recommended to be, raiſed perpen- 
dicular to the faces prolonged of the baſtions which 
they are to defend. A ſtrict adherence to this: maxim 


is not ſo neceſſary, where cannon, as eke muſketry 
is the defence; 


Count Pagan was the firſt who communicated the advantages of 
direct defence, and raiſed, in conſequences: his flanks perpendicular 
to the line of defence. Mr. Vauban, that his flanks might not 


be ſo much expoſed, and that the fire might be more directed to 
the ſummit of the flanked angle, raiſed his flanks not quite per- 


pendicular to the line of defence; that is, it is the of cord an arc, 


having for center the TR of the flanked angle. 


* l e, 


The 5 Aanked ought always to be within muſket 
ſhot of their flanking parts, which experience proves 
to be point blank from 120 to 150 toiſes. 

Though, in the defence of places, both cannon and 
muſkets are made uſe of; yet the diſtance between 
the flanked and flanking parts, ought rather to be 
proportioned to the ſhot of muſket, than to that of 
cannon : by this method both become ſerviceable ; 
by the contrary, the muſket is rendered uſeleſs; 7 
as the muſket is not ſo expenſive, nor liable to the 
accidents and uncertainty that attend the uſe of yhe 

cannon, 


* 


ſoon become maſter of the place. 


48 ELEMENTS OF FORTIFICATION, 


cannon, it is the defence on which moſt dependence 


* to be 28 


1 50 toiſes, upon trial, will be found to exceed the point blank 


of our firelock which has even a barrel of 3 feet 8 inches in length, 


and carries a leaden ball of ſomewhat more han an ounce weight: 


when elevated, however, one and two degrees, it carries conſiderably 
further; and when elevated 15 degrees, it carries from 7 to 800 


toiſes. That the faces of the baſtions may be. properly defended 
by the flanks, Stevin fixes the line of defence at 1000 Rhinland 
feet; Errard fixes it at 120 toiſes ; Chevalier de Ville fixes it at 


180 * paces, _ Mr. Vauban to about I 13 5 tolſes.... 


os M A 1 N IV. 
Thoſe parts that flank, ang to rh capable of 


containing the men and artillery nn to che de- 


fence of thoſe _ are flanked. 


u 4 K 1M *. 


All the expoſed parts of a fortreſs ſhould be able to 


reſiſt the moſt forcible machines that can be brought 
againſt them; for if all the works ate not ftrong 
enough to withſtand the force of an enemy, he will 


that to reſiſt the enemy's larger cannon, a parapet of 
earth muſt be from 16 to 22 feet thick; and of ſtone, 


from 7 to 9: for this purpoſe, and alſo for containing 


the men and artillery neceſſary for the defence, the 
rampart in all out-works ſhould be at leaſt 6 toiſes 


broad, excluſive of the revetment, and that in the 


body of the place from 9 to 10 toiſes. In als breadth 


is included the parapet. 


MAXIM 


Experience proves, 


le- 
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MAXIM VI. 


A fortreſs ought to be Al ſtrong in all its 
parts; for if there is any part in it weaker than an- 
other, the enemy will not fail to attack it, and the | 
ſtronger parts will be rancered. uſeleſs. 


„ „ * VR. 


A fortreſs ought to command the country about it 
within cannot ſhot.* hes: 

For this purpoſe, all the adjacent ground, within 
1000 toiſes, ought to be cleared; and, in that ſpace, 
no building ſhould be erected, no trees planted, nor 
any riſing or hollow ground ſuffered to remain, that 
may ſerve to conceal or ſhelter the enemy. 


** *» TI"EY D 1 Y * „„ "WE IR 2 8 1 8 a... — 


toiſes 


* The point blank of a 24, 18, and 12-pounder, is about — 400 
That of a nine-pounder — —— 350 
That of a ſix- pounder — — ü 300 
And that of a three-pounder | — — — 250 

The utmoſt range of a 24, 18, and 12-pounder, is at leaſt — 2000 
That of a nine-pounder — — 1 

That of a ſix-pounder — — — 1600 
And that of a three-pounder * — 1.500 


7 A neglect of theſe precautions gives the enemy an opportunity to 
advance more in 24 hours, than he could have done perhaps in as many | 
days. At the fiege of Limbourg, the dragoons, on their arrival, made a 
lodgement within piſtol ſhot of the place under cover of ſome hedges; at 
Maeſtricht, a hollow within a ſmall diſtance. from the place ſerved as the 
tail of the trench; and at Bouchain, a hollow within twice piſtol ſhot, 
ſerved as a place of arms the firſt night the trenches were opened. 


K eee 
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When one place is higher than another, it is ſaid to command it, 
The command is Angle, when the height of one place above an- 
other 18 9 feet ; double, when the height is 18 feet; treble, when 
27 feet; and ſo on, increaſing always nine feet, the height of a 
fingle commandment. | 

There are three ſorts of 3 viz. the a0 
in front, the commandinent d'enſilade, and the commandment in the 
rear, When an eminence is directly facing thoſe who are upon 
the rampart, it is ſaid to command in front; when, from an emi. 


nence, the full length of a line can be ſeen without interruption, | 


it is called commandment d*enfilade; and, when an eminence that 
commands a work can ſee full on the backs of thoſe who are upon 


the work, it is called commendment in the rear ; ; , $86 this is the 


moſt n or the three, 


| M A 1 I M VII. 


The more diſtant the works are from the center of 
the place, the lower they ought to be. 

This maxim is a natural conſequence of the pre- 
ceding one: for though an enemy had made himſelf 


maſter of any of the exterior works, yet if they were 


lower than the rampart of the body of the place, he 
would till be expoſed to the fire of the rampart ; but, 
on the contrary, if they were higher than the rampart, 
he would be covered from the fire of it, and he could 
likewiſe command the place. 


Notwithſtanding the apparent advantage of commandment, and 
of enabling the garriſon to fire from all the works at the ſame 
time, both with great and ſmall arms, which is ſuppoſed to 
be procured by an adherence to this maxim; yet many engineers 
reject it, contending that if the beſiegers are expoſed from all the 
works of the beſieged, thoſe works, by the ſame means, are ex- 
poſed to all the batteries of the beſiegers, who may deſtroy the 

different 
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different works and diſmount the cannon without changing their 
ſituation; whereas, when the works are all of the ſame height, 
thoſe neareſt the body of the place cannot be deſtroyed till thoſe 
before them are taken. Beſides, experience has ſufficiently ſhewn, 
that notwithſtanding the ſuperior command of the baſtion; it is 
dangerous, if not impoſſible, to fire from it over the counterguards 
whilſt they are occupied: it is known that the wind of the ſhot 


alone has killed the men ſtationed to defend them. 


MAXIM I 

In baſlions, great flanks are beſt, as are alſo great 
ſemi-gorges. 

By obſerving this maxim, the whole baſtion. is en- 
larged, and made capable of containing more men 
and artillery for a more vigorous defence. There is 
no fixing the parts of a baſtion, becauſe they vary 
according to the polygons to which they belong: 
however, to have ſome notion of their length, it is 
generally allowed that the flank ſhould be from 20 
to 30 toiſes ; the ſemi-gorges not leſs than the flanks, 
nor much greater, except where the angle of the 
polygon is very obtuſe; and the faces at leaſt 40 toiſes, 
or at moſt 60 toiſes : the advantageous length for the 
faces is generally fixed at 5o toiſes. The diftance 
between the baſtions, that is, the length of the cur- 
tains, is generally from 60 to 70 toiſes. 


The extent of the flank, though generally equal to the breadth 
of the ditch, is ſometimes made equal even to the ditch and covert 
way together, to be able to oppoſe the enemy with a greater number 
of cannon; that is, it is then determined, not only by the ſpace 
it 1s to defend, but alſo by that generally taken up to deſtroy the 
flank, 

The extent of the flank is not to be meaſured from the curtain 
to the angle of the ſhoulder, but only to 3 or 4 toiſes on this fide of 
E 2 the 


52 ELEMENTS OF FORTIFICATION. 


the ſhoulder, ſo much of the ſpace being taken up for the parapet 
of the face. 

The curtain ought always to be of ſuch an extent, that from the 
right and left flanks the bottom of its revetment may be ſeen and 
defended : hence it follows, that the extent of the curtain depends 
on the elevation of the flanks, and the ſuperior ſlope of their 
parapet. | 5 


M A AL M X, 


The angle of the baſtion, called flanked angle, 
ought to be as near as poſſible a right angle, becauſe 


the right angle has the greateſt ſtrength : but, to be 


of ſufficient ſtrength, it ought naver to be leſs than 
6o degrees, The objection againſt making this angle 
obtuſe, is, that it expoſes the faces of the baſtion too 
much, 


The Italians, who, if we except Donato Roſetti, unanimouſly 
recommend ſecond flanks, make the flanked angle acute: by this 
method the faces of the baſtion are leſs expoſed, and they can 
defend each other when the flanks are ruined. | 


R E M A R K. 


Theſe maxims comprehend the right conſtruction and 
management of all the different parts of a fortreſs: but, 


from a deſire of making greater improvements, ſome 
have been altered, others diſcarded, and new ones 
introduced; and hence have ariſen the various Syſtems* 


— 
by 


* The Syſtems of Fortiſication are almoſt innumerable; for every one who 
has written on the ſubject has given at leaſt one ſyſtem of his own: three, 
however, is the favourite number. Marchi, an Italian engineer, who pub- 
liſhed a folio book in 1599, has, indeed, given 161 different conſtruc- 
tions, which he offers as his own, and laments the loſs of others that 


were ſtolen from him. Syſtems are not ſo much diſtinguiſhed from each 


ethcr by any eſſential diſſerence, as by the authors names, 


3 
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of engineers, among which Mr. Vauban's has generally 
acquired the preference. | by” 
But, beſides theſe particular rules, there are ſome 
general conſiderations of the greateſt importance, re- 
ſpecting, 1. the ſituation of a fortreſs, or, the various 
circumſtances of the adjacent ground, and the parti- 
cular ſpot on which it ſhould ſtand; 2. the expence 
required to build it; 3. the number of troops and 
quantity of artillery neceſſary for its defence; 4. the 
extent or capacity of the place and 5. the moſt pro- 
per figure or form. 


Of the Situation of a Fortreſs. 


The ſituation of fortreſſes depends chiefly on the 
peculiar ſervice for which they are built. If they are 
to promote or protect trade, they ſhould be placed 
near the ſea, or on lakes, navigable rivers, and 
canals : ſuch is the fituation of many fortreſſes in the 
Low Countries, and in other commercial ftates*. If 
they are deſigned to guard a paſs or inlet into a 
country, they ſhould be placed on ſome eminence 
that will command that paſs or inlet. If they are to 
ſecure a country from invaſion, they muſt be ſituated 


8 5 4 


I — 


* The Romans of the latter ages preferred the banks of rivers for the 
fituation of their fortreſſes. Alexander the Great, by erecting a fortreſs 
on the banks of the Tanais, of which, according to Arrian, he 
formed great expectations, may be ſuppoſed to have been of the ſame 
opinion. Of 96 fortreſſes, excluſive of ſea· ports, which there are = 
France, 71 are on or near the banks of rivers. 


E 3 on 
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on the frontiers, and ſo advantageouſly, as that the 


enemy muſt be maſter of them before he can advance 


a ſtep further. In iſlands, the beſt ſituation is the 
coaſts, and eſpecially thoſe parts where the enemy 
may moſt eaſily land, provided the garriſon have a 
ſafe communication with ſome inland town for re- 
ceiving ſuccours and ſubſiſtence in caſe of an attack. 
Mr. de Saxe recommends the point of land formed 
by the confluence of two rivers as the moſt ſecure and 


advantageous ſituation, becauſe the enemy will be 
obliged to divide his army into three diſtinE& corps 


before he can inveſt a fortreſs ſo fituated, one corps 
of which may be repulſed and defeated before it can 
be ſuccoured by the others. Mr. de Vauban is for 


- erecting a fortreſs on a moraſs, where no approach 


can be made to the place but by a cauſeway. 

If it is of moment to a ſtate to have fortreſſes, it 
is not of leſs. importance to regard minutely every 
circumſtance relative to their ſituation; for it is not 


in the power of art to render a fortreſs advantageous, 
that is deſtitute of a good ſituation. 


The eſſential requiſites of a good unn are, 


healthy air; plenty of freſh and wholeſome water, 


the poſſeſſion of which cannot be taken away; plenty 
of fuel; and a country producing plenty of the 
neceſſaries of life, or at leaſt having them within 
the reach of a ſure and eaſy conveyance; otherwiſe 
the troops in garriſon can neither have health, 
ſtrength, nor ſpirits, qualities abſolutely neceſſary to 
enable them to ſupport the fatigues of their duty in 
> $ the 
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the defence of a place. Without theſe properties, 


eſpecially the two firit, fortreſſes | can be of no ad- 


ary od — by 


of the ' Eidos of F ortreſſes. 


Though he Chevalier de vine adviſes all brercigws 
who build fortreſſes, “to ſhut their eyes and open 
« their purſes ,” yet he does not mean to encourage 
a boundlefs profufion, or that uſefulneſs ſhould be 
ſacrificed to magnificence. That the two extremes 
of waſte and parfimony may be equally avoided, 


every fortreſs ſhould be built in the beſt manner the 


fituation will admit, and the expence be adequate 
to the advantages en the ſtate pen to derive 
from it, | 

The banks of rivers are moſt eligible, not nl in 
point of ſituation, but alſo of enpence 


Of the Number 3 Troops, Quantity of Artillery, 


Stores, &c. neceſſary for the Defence of a 
Fortreſs. 


A fortreſs ſhould always be conſtructed in ſuch a 
manner as to require but few troops for its defence ; 
for if many troops are neceſſary, or if the expence of 
erecting it, and of providing it with artillery, am- 
munition and ftores, be ſo great as to exceed all the 
advantages propoſed by its erection, inſtead of pro- 
ducing benefit, it is continually incurring loſs. | 

"+ = > Fortreſſes 
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Fortreſſes, however, ſhould be provided with all 
things neceſſary for their defence; the chief are men, 
arms, ammunition, and proviſions; and the three 
firſt are of little uſe without the laſt: for, as Mr. 
Vauban juſtly obſerves, fortreſſes being only ditches 
and ramparts, and in themſelves no better than ſo 
many heaps: of inanimate matter, have no ſtrength 
but in the number, ſubſtance, and diſpoſition of their 
ſeveral parts, nor active power but what is given by 
the men employed in their defence; but. theſe can 
but a ſhort time communicate ſuch active power, 
without that effential requiſite, a conſtant —_ of 
the neceſſaries of life. 

The number of men neceſſary to defend a town, 10 
d eaſily aſcertained, Mr. Vauban, in his Memoirs, 
reckons, that in a place regularly fortified with good 
baſtions, half moons, and covert ways, we ſhould 
allow 5 or 600 men of infantry to each baſtion; 
and that if it has horn-works, 600 men ſhould be 
aſſigned for the defence of each of theſe, and in 
proportion for the other out-works. In regard to 
cavalry, he ſuppoſes a tenth part of the infantry a 
ſufficient number. Others determine the number of 
infantry by allowing two men to every geometrical pace 
which the length of the interior part of the parapet 

of all the works meaſures z and alſo allow a tenth of 
_ cavalry. 

With regard to cannon, ten pieces of different cali- 

bers allowed to each baſtion, is judged to be a ſuffi- 
Fo cient ſupply; therefore, in a place of fix baſtions, 
there 5 to be 60 pieces of cannon. 


Mr. 


pun — 


* 
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Mr. Vauban has calculated tables, not only ex- 


preſſing the number of men, but every article and 


quantity of ammunition and proviſion neceſſary for 


a four months ſiege, the longeſt expected term for 


places to hold out; and theſe tables being inſerted in 
almoſt every book which treats of the attack and de- 
fence of places, it is needleſs to enter here 1 Into a more 
minute derail. | | 


4 


Of the Capacity or Extent of Fortreſſes 


The town, including the ſpace taken up by the 
fortifications, ſhould be capable of containing, be- 
fides the inhabitants, a ſufficient number of troops 
to defend it. Two equally dangerous extremes have 
long been incurred for fortreſſes are either fo large, 
that it is impoſſible for them to be completely gar- 
riſoned, and properly provided with all ſorts of 
neceſſaries; or ſo ſmall, as not to be capable of con- 
taining, with the inhabitants, a ſufficient number of 
troops for their defence, Many of the fortreſſes in 
Flanders are in the firſt predicament, and the Empreſs 
Queen, for that reaſon, very rightly ſuffers them to 
fall to ruin; and the ſyſtems of Coehorn and the ge- 
nerality of engineers are in the ſecond, not giving the 
town an extent or capacity ſufficient to contain inha- 
bitants and the troops neceſſary for their defence. 


* 


The works, according to Mr. Vauban's firſt ſyſtem, are to the 
inward ſpace for the buildings nearly as 1: 1, that is, the works 
take up about one and a half more ſpace than the buildings : ac- 
cording to Mr, Cochorn's firſt ſyſtem, the works are to the inward 


ſpace 


— ——4I—. ——. —— —Eäälꝗ— — — PR - 
. 
o 


58 ELEMENTS OF FORTIPFICATION. 


ſpace for the buildings nearly as 12 3; and in his ſubſequent 
ſyſtems, the inward ſpace is ſtill more encumbered, and the pro- 
portion the works bear to the buildings conſequently increaſed. 


This has been a principal reaſon for giving the preference to Mr. 
Vauban's Fyſtem. 


A fortreſs for the defence of a paſs or inlet into a 


country, is ſeldom required to be large; and the in- 


terior ſpace is of ſufficient capacity, if it conveniently 
contains the garriſon, But in a town fortified for 
the promotion and protection of commerce, there 
will be, excluſive of the garriſon, a great number of 
inhabitants, from whom its importance is chiefly de- 
rived; and here, the ſpace within the works ſhould 


be proportionally large and commodious. As ſuch 
places, however, are generally of great extent, they 


cannot be completely fortified to withitand a vigo- 
rous fiege without an enormous expence ; and there- 
fore, in the moſt commanding ſituation, a fortreſs 
is erected called citadel, which is capable of an obſtinate 


defence, and may ſerve as a repoſitory to ſecure the 


wealth of the inhabitants*. 


nr . 2 


- 


The introduction of the citadel, was to keep in awe the inhabitants 
ſuſpected to be diſaffected to the government: its form is moſt generally 2 
pentagon, and it is ſituated partly in and partly out of the town. 


gon for Taken 1 5:13 lle 
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Of the Form miſt proper for Fortreſſes. 


It is generally / ſüppofed, chat in proportion to 
the number of ſides giyen to the polygon to be 
fortified,; the advantage of it in point of defence will 
be increaſed. This is, in ſome meaſure, conform- 

able to the doctrine of Plato, who, in the ſixth 
book of his Commonwealth, ſays, ** Whenever ſtates 
ee have occaſion to raiſe walls for their. protection, 
< they. ſhould be built in ſuch a manner as will bring 


the incloſure into a circular form.“ Contrary to 


this principle, however, Mr. Rimpler, an engineer in 
the Imperial fervice, . prefers. the ſquare form; pro- 
bably, becauſe, it leſſens the, difficulty; of diſcovering 


which part the enemy means to attack with the 


greateſt vigour; and becauſe the inſide may be filled 
with regular buildings, and the ſtreets made at right 
angles to each other without lolng an inch of 
ground. This preference of the ſquare form to every 
other, has alſo been given by ſeveral Gucceeding engi- 
neers of great credit. | 

The hexagon, however, is A - ered” as 
the moſt eligible form for fortreſſes, and the pray: 
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Of Regular Fortification. 


There are two methods of fortifying a regular 
polygon; otie called fortifying within, and the other 


fortifying without, 
I 0o fortify without, is to trace the baſtions ad cur- 


tains without the polygon given to be fortifled, which 
” then called interior polygon. 
Jo fortify within, is to trace the baſtions and cur- 


tains within the polygon given to be fortified, which 


is then called exterior polygon. 
This laſt method is moſt general, and it is Mr. Vaus 
ban's practice in his firſt and third ſyſtems. That cele- 


brated engineer, in his firſt ſyſtem, aſſigns different lengths 


to the exterior fide of his palygons : for citadels, he 
allows from 140 to 160 toiſes, in proportion as they are 


of more or leſs importance; and for other fortreſſes, 
be allows 180 toiſes to the exterior fide : this length he 


conſiders as moſt uſeful for obtaining the moſt advan- 
tageous length for the ſeveral parts. In particular 
caſes, he allows the exterior fide to exceed 180 toiſes, 


and even admits it to extend as far as 260; this, how- 


ever, is not approved of for all the ſides of à plate, but 
only for a long fide extended on the banks of a river. 


N 2 


* Hence has ariſen the diſtinction of little, mean, and great fortification, 
In ſpeaking of Mr. Vauban's ſyſtems, the mean, or that whoſe exterior 
fide has 180 toiſes, is always to be underſtood unleſs exprefſed to the con- 
trary; tho' it is obſervable, that the longer the exterior fide is, the ſtronger 


vill be each front, provided the lines of defence are within muſket ſhot : 


but whether he aſſigned more or leſs to the exterior ſide, he uſed the ſame 


| Proportions for the ſeveral parts. 
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To trace the Magiftral Line of f the "A by the 


exterior Polygon, 
hr : according to Mr. Vauban's firſt Iy ſem, 
110 ⁰ . PEACE VAC 


Having inſcribed in a circle a ſquare upon 
the middle of AB, one of the ſides, raiſe to- 


* the center the perpendicular EF of the 


: part of AB; from A and B draw through F 
the lines AH and BI indefinitely ; upon AH and 
Bl, that is, from A to K, and from B to L, 
take the” 2 3 of AB; then from A, as center, deſcribe 
an arc chrough L, meeting AH in H, and from B, as 
center, deſcribe an arc through K, meeting BI in I; 


then join the points A, K, I, H, L, and B, by right 


lines, and the magiſtral line of one front will be tra- 
ced; for AK and BL, which have for length the 2 of 
AB, are the faces, KI and LH are the flanks, a 
HI is the curtain. „ 

If the ſame operations are repeated on the remain- 
ing three ſides, * will produce the magiſtral line 
of each. 


REMARK. 


By this confection it is 8 PR ahve; 1s not 
the leaſt part in the circumference of the place but 
what is ſeen by ſome other part, that is, all the parts 
reciprocally flank each other; and that the parts 
flanked are within muſket ſhot of their flanking parts; 

2+ 
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for the faces AK, BL which receive their defence of 


the flanks KL, 8970 are within 150 toiſes* from each 
other: 


The faces have an e length, the flanks 
are of great extent, the ſemi- gorges are ſpacious}, 


and the flanked angle exceeds 60 degrees}. 


Some, to obtain greater flanks, may think, that there is no diſ- 


advantage in giving more than the + part of the exterior fide for 
the perpendicular; but that would make the flanked angle too 


acute ; for, by the preſent conſtruction, it is not _ 63 degrees, 
which is as acute as It * enn well - Wa "TY 


To trace the Magiſtral Line of the Pentagon by 
the exterior Polygon, 


according to Mr. Vauban's firſt Syſtem. 


. 


Having inſcribed in a circle a pentagon upon 
the middle of CD, one of the ſides, raiſe towards 
the center the perpendicular EF of the 3 part of 
CD; from C and D draw through F the lines CG 
and DH indefinitely; upon CG and DH, that is, 
from C to I, and from D to K, take the + of CD, 
and this will be for the length of the faces; then from 
C, as center, deſcribe an arc through K meeting CGin 


G, and from D, as center, deſcribe : an arc eng I 


PI 


ͤ— a 2 A „ 


— 


* They are within 1 34 toiſes; for the lines of defence AH, BI are not 
quite 134 toiſes. 


+ That is, the length of theſe coincides with Maxim IX. 
+ That is, it coincides with Maxim X. 


meeting 


meeting DH in H* ; then join the points C, I, H, G, 
K, and D, by right lines, and the magiſtral line ef one 
front will be traced; for CI and DK, which, meaſure 
the 2 of CD, are the faces, HI and who are the beg 


and GH the curtain. 


The ſame operations being N on the remain- 
ing four ſides, the magiſtral line of each will alfo 
be produced. 


RE M A NX K 


By this conſtruction the faces are of advantageous 
length, and the ſemi-gorges are ſpacious. The flanks, 
though not of the greateſt extent poſſible, are neyer- 
theleſs of ſufficient length. 


By this conſtruction the flanked angles being above 4 degrees, 
many are for giving a greater length ta the perpendicular. By 
fixing it at the & part of the exterior fide the flanks are ſomewhat 
longer, and the flanked angle is ſtill above 70 degrees; but this 
decreaſes too much the inward ſpace. N . 


To trace the Magiſtral Line of the hos by 


the exterior Polygon, 
according to Mr. Vauban's firtt Syſtem. 
PO, PLATE Mm 


Having inſcribed in a circle an hexagon upon 
the middle of AB, one of the fides, raiſe to- 


_ wards the center the perpendicular EF of the 


— 


* Mr. le Blond, Mr. Muller, &c. inſtead of deſcribing the are from C and 


D, deſcribe it from 1 and K; that is, inſtead of making the flank the cord of 
an 


— ——— — — — — 


object of Mr. Vauban in deviating from the direct defence, , 
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3. part of AB; from A and B draw through 
F the lines AH and BI indefinitely; upon AH 


and BI, that is, from A to K and from B to 
L, take the 3 


of AB; then from A, as center, 
deſcribe an arc through L, meeting AH in H, and 
from B, as center, deſcribe an arc through K, meeting 
BI in I; then join A, K, I, H, L, B, by right 
lines, and the magiſtral line of one front will be 
traced. * 


The ſame operations repeated on the remaining ſides, 
will give the magiſtral line of each. 


K E M A R k. 


Mr. Vauban, beſides fixing the perpendicular to 
the & part of the exterior fide in the hexagon, fixes 
it alſo to the + part of the exterior fide in the hep- 
tagon, WE. and polygons of more fides : hence 


it follows, that the perpendicular is the + part in the 


ſquare, the + part in the pentagon, and the + part in 
the octagon, and upwards. 

As for the faces, they are equally the 4 parts of 
the exterior ſide in every polygon. 


Mr. Vauban's method of fixing the perpendicular at the ſixth part 


of the exterior ſide, not only in the hexagon, but in every other po- 
lygon of a greater number of ſides, is not generally approved, becauſe 
it produces no variation in the flanks, which are expected to be 
greater and greater as the figure has more ſides, | 


— 2 — 
i. 4 


an arc having for center the ſummit of the flanked angle, they make it the 
cord of an arc having for center the ſhoulder: by this method the flank 
and curtain are ſomewhat encreaſed; by the other, the fire of the flank is 
more directed to the ſummit of the flanked angle, which ſeemed the grand 


Many 
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The common objection to Mr. Vauban's conſtruction, is, that 
it does not give greater flanks. Many, to obtain greater flanks, an 
advantage which they ſuppoſe ſuperior to every other, take for the 
perpendicular in the pentagon the 8 part of the exterior fide, and in 
the hexagon and upwards the 4, and even the . It will not, how- 
ever, be advantageous to take much above the £ part in the penta · 
gon, nor much above the F in the hexagon, hes more than' the 
F in the heptagon and upwards, becauſe a greater proportion 
would contract the gorges, and leſſen the interior ſpace, 


R E M A R K. 


In tracing plans after this conſtruction, it is uſual 


to take the exterior ſide of the polygon for the ſcale, = 


which is generally prepared as NOTE: (See Fig. 2. 
Plate X.) 

Having drawn a line ab, in ſome convenient part 
of the paper equal to the exterior ſide AF, which re- 
preſents 180 toiſes, divide it into two equal parts; then 
divide one of theſe parts, as ac, which repreſents go 


doiſes, into three equal parts; then divide one of theſe 


parts, as ad, which repreſents 30 toiſes, into three 
equal parts; then divide one of theſe parts, as ae, 
which repreſents 10 toiſes, into two equal parts; 
then again divide one of theſe parts, as af, which 
repreſents 5 toiſes, into five equal parts, and each of 
theſe equal parts will repreſent a toiſe. 

In*adapting this ſcale to the tracing the Magiſtral 
Line, 22 toiſes are taken for the perpendicular in the 
ſquare; in the pentagon, 25 toiſes ; and in the hex- 


agon and upwards, 30 toiſes. 


W 
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For the faces in every polygon, 50 1 are 
ta ken for their length. 


The front AF of an hexagon (Fig. " Plate X. ) is 
rated by the ſcale. | 

The following table gives the length of the great 
radius, and the other parts neceſſary to trace the 
Magiſtral Line from the ſquare to the nme ac- 
cording to Mr. n. s firſt ſyſtem. | 


DA MINK 


COS" SIE? * Y Ry 1 * * » 1 


; Square. Penta · Hexa | Hepta- Octagon. ] Nona- Deca. 
5 | _ | gon. | gon. | gon. | gon | gon. 

toiſes |toiſes ſroiſes ſtoiſes feet |toiſes feet 8 K Neiſtoiſes 
Exterior fide | 180 180 [180 180 © 180 © 180 o |180 
Perpendicular| 22 | 25 | 30 | 30 0 30 © 30 © | 30 
The face 5050 5o| cad] 50 050 0 © 


— — -————— 


Great radius | 127 53 180 206 3 34 3 262 2 291 


To 


To 


al 
Ie 
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75 
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To trace the | Magiſral Line of the « Square by 


the interior E 
93 
FIG. 2, PLATE VTII. 


. Having inſcribed in a circle; a ſquare, and pro- 
longed the radii, AZ BZ. Wein, meaſure from 
A to C, and from B to D, the + part of AB the 
fide of the ſquare; then meaſure- pen the radii pro- 
longed from A to G, and from B to H, the + part 
of AB, and draw the lines DG and CH ; from G, as 
center, deſcribe an arc through D, meeting CH in F, 
and from H, as center, deſcribe an arc through | ; 
meeting DG in E; then join the poirits G, E, C, D, F, 
and H, by right lines, and the Magiſtral Line of one 
front will be traced; for EG FH are the faces, CE 
DF are the flanks, and CD is the curtain. 
The ſame operations repeated on the other three 
ſides, wall if produce the Magiftral lines of each, - 


The length aſſigned to the fide of the {om 1 20 


toiſes*, the ſemi-gorges will therefore have 24 toiſes, 


Ctr 


A 


** —_— 


* When the interior fide is taken for the ſcale, it is.generally prepared as 
follows: divide this line into two equal parts; then divide one of theſe 
parts, which repreſents 60 toiſes, into three equal parts; then divide one 
of theſe parts, which repreſents 20 toiſes, into two equal parts ; then divide 
one of theſe parts, which repreſents 10 toiſes, into two equal parts; then 


if one of theſe parts, which repreſents 5 toiſes, is divided into five equal 
Parts, each of theſe equal parts will repreſent a toiſe. 
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for 24 is the + part of 120; and the capitals will 
have 40 ile, for 40 is the part of 120; By 
this conſtruction the ſeveral parts are much the * 


as * the AFR CNY of Mr. Vauban. 


| 


Tor trace the Magiſtral Line of the Pentagon by 
the interior K a be 


110. 2. a 1.3 


"Yhaving idferibed i A circle the pentagon g given, and 
prolonged the radii CX DX indefinitely, meaſure from 
C to A and from D to B, the + part of C D, the fide | 
of che pentagon; then e upon the radii pro- 
longed from C to E and from D to E, the £ part of 


ch. and draw the lines BE and AF; from E, as 


f+»k # + 3 


center, deſcribe an arc through B, meeting AF in H; 
and from F, as center, deſeribe an arc through A, 
meeting BE in G; then j join the points E, G, A, B, H 
and F, and the Magiſtral Line of one front will be 
traced ; for EG FH are the faces, AG BH are the 
ne and AB is the curtain. 

The ſame operations repeated on the other "Ml 
2 will produce the Magiſtral of each. | 


R E M AR K. 


The lengrh aſſigned to the ide of the pentagon is 
r 130 f toiſes®, and therefore the ſeri-gorges will be 26 


1 2 1 by © 


— 


* When the interior ſide is taken for the ſcale, it is generally prepared 
25 follows: divide a line equal to the interior fide into thirteen equal 


parts ; 


— vs hakd | 


ELEMENTS OF FORTIFICA TION. 69 


toiſes, and the capitals 437 toiſes. T his conſtruction 
makes the exterior fide ſomewhat longer ; but the 
flanks and ſemi-gorges are ack the ſame as Mr. 
Vauban' $, 


To trace the Magiſtral Line of the Hexagon by 
the interior Polygon. 


P10 4 PFLATE IK. 


_ Having inſcribed in a circle an hexagon, and 
prolonged the radii AZ BZ indefinitely, meaſure 
from A to C and from B to D the 4 part of AB, the 
fide of the hexagon; then meaſure upon the radii 
prolonged from A to G, and from B to H, the 3 7 of 
AB, and draw the lines DG and CH, from G, as 
center, deſcribe an arc through D, meeting CH in F; 
and from H, as center, deſcribe an arc through C, 
meeting DG in E; then join the points G, E, C, P, F, 
and H, by right lines, and the Magiſtral of one front 
will be traced. | 
If the ſame operations are repeated on the remaining 


 fides, mw will produce the Magiftral of each. 


1 


„% : EL IID _ 1 


parts; chen divide one of theſe parts, which repreſents ro toiſes, into 
two equal parts; then if one of theſe parts, which repreſents 5 toiſes, is 
divided into five * parts, each of theſe _——_ will 2. o 
foiſe 


0 


. 5 R E MAR K. 
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R E M A R K. 


The length aſſigned to the ſide of the dangun, is 
140 toiſes* ; therefore the ſemi-gorges will be 35 
taiſes, and the capitals 56 toiſes. 


The ſame length of 140 toiſes is equally afigned | 


to the interior fide of the heptagon, octagon, and up- 
wards; the ſemi-gorges are alſo the 4 part, and the 
capitals the 4 parts of the interior ſide. 

By this conſtruction, the exterior fide of the poly- 


ſemi- gorges are more ſpacious, and the curtain is 
ſomewhat leſs, than by Mr. Vauban's conſtruction. 


Thbe exterior ſide is 195 toiſes, which, though it 


exceeds by 15 toiſes the uſeful length of 180 toiſes, 
aſſigned to the exterior ſide of the polygon to obtain 


the moſt advantageous length for the ſeveral parts; 
yet this length will not be found diſadvantageous, 
becauſe, in emergent caſes, the exterior ſide may 
be even 200 toiſes, without N any eſſential 
diſadvantage. 1 

The flanks are 29 toiſes, that is, they have about 2 
toiſes more extent than by Mr. Vauban's conſtruction. 


* 


„— a. 4. 


* 


— — 


* When the i interior fide is taken for the ſcale, it is generally e as 
follows: divide this line into ſeven equal parts; then divide one of theſe 
parts, which repreſents 20 toiſes, into two equal parts; then divide one 
of theſe parts, which repreſents 10 toiſes, into two equal parts; then if 
one of theſe parts, which repreſents 5 toifes, is divided into five equal 
Parts, each of theſe equal parts will repreſent a toiſe. 


The 


gon, the flanks, and the faces, are much greater, the 
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The faces have 60 toiſes, which, though not the 
moſt uſeful length, does not exceed that which 1 is al- 
lowed to the face of a baſtion. 

The ſemi-gorges are 35 toiſes, that is, about 6 
toiles more than by Mr. Vauban's conſtruction. | 

The curtain is 70 toiſes, that is, ſomewhat more 
than 3 toiſes leſs than by Mr. Vauban's conſtruction. 

The capitals; are 56 toiſes, that is, about 8 toiles, 
more than by Mr. Vauban's conſtruction. _ 

The flanked angle is 79. 50, that is, about 4 
degrees more acute than by Mr. Vauban's conſtruc- 
tion, 

For a further compariſon between the two methods 
of fortifying within, and fortifying without, applied 
to the hexagon, examine the Tables I, and II. in 


pages 74 and 75+ 
The conſtruction of the hexagon, heptagon and upwards, after 


this method, which, by an experienced French engineer, is prefer- 
red to that of Mr. Vauban, is recommendable for giving greater 


_ flanks, and admitting a greater inward ſpace with an equal number 
ol baſtions, 5 


This conſtruction, however, would not be leſs advantageous, 


were the capitals to be fixed at 50 toiſes, inſtead of 56 toiſes : it 
would rather leſſen the length of the faces, and the length of the 
120 of defence; 


REM A 7 


In tracing plans after this conſtruction, it is uſual 


to take the interior ſide of the polygon for the ſcale, 


which, in the ſquare, being 120 toiſes, is generally 

prepared as F ig. 3. Plate VIII. in the pentagon being 

130 toiſes, it is generally prepared as Fig. 5. Plate IX. 
F , 10 


in the hexagon and dane being 140 toiſes, it is 
generally prepared as in Fig. 6. Plate IX. 

In adapting theſe ſcales' to the tracing the Magiftral 
Line, 24 toiſes are taken for the ſemi-gorges in the 
ſquare; 26 toiſes in the pentagon, and in *. hexa⸗ 
gon and upwards. 35 toiſes. | 


For the capitals 40 toiſes are taken in the ſquare, 


43 toiſes in the pentagon, ns in the RN and 
upwards 56 toiſes, - | 


The frone GY of an hexagon Fig * Plate IX) 
is * aur kale . 


The following table gives the length of the petty 
radius and the other parts neceſſary to trace the 


 Magiſtral Line, from the ſquare to the ae 
by the interior polygon. | 


- 9 1 — K. 8—ꝛ— 
ED Penta - Hexa- | Hepta-| Octa- Nona - Deca- | 
| 9 gon. gon. | gon. 1 gon, | gon. gon. 
| Py toiſes . roiſes Fe wifes f ol ſes 'F. tolſes | Fe roiſe . 90 Fl 
— fide [120 001 30 01140 01149 140 0140 0140 o 
emi-gorges 24 of 26 of 35 c| 35 of 35 of 35 00 35 © 
Capitals | 490 43 Q ol 5 2 48485 o 56 o 56 © 
Pero radius * 5110 Ms os 2182 204 ied 3 


7. Las "IG * * po, 


/ i Sat Ly ** 
1 
\ 


To 


_ 
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Of the | two > Methods of fontfying within, and 


_  fortifying without. 


Theſe methods are equally eaſy ; for in the * by 
fixing the perpendicular, the length of the faces, and 


the poſition of the flanks, we obtain the Magiſtral 


Line; and we obtain it alſo in the ſecond, by fixing 


the ſemi · gorges, the capitals, and the poſition of the 1 
flanks. 


- To fortify within, which is the practice of Errard, 
Pagan, Blondel, and Vauban in his firſt and third 
ſyſtem, &c. is advantageous, when rivers, precipices, 
commandment, or other irregularities of the ſurface, 
will not admit either of advancing, retreating, or 

deviating to the right or left with the point of the 
baſtion, but abſolutely compel the placing it on a 
certain ſpot, 

To fortify without, which is the practice of the 
Chevalier de Ville, and Vauban in his fecond ſyſtem, 
is convenient, when the boundaries of the town are 
already determined by the buildings, or by ſome old 
rampart, which may ſerve again for the ſame purpoſe. 


LL 44K 


Of the two following tables, the firft expreſſes ts 
length of the lines, and the meaſure of the angles, 


by the method of fortifying within; and the ſecond, 


by the method of fortifying without. 3 
| 3 TABLE. 


74 EILEN NTS Or FORTIFICATION: 
„„ 


Expreſſing che length of the lines, and the meaſure 
of the angles, according to Mt. Vauban's firſt ſyſtem, 


BY. THE METHOD. OF FORTIFYING. WITHIN. 


- 
. 


i | 
ny, | ons. | ng 
| 492 54 Te toiſes. feet. toiſes. frer.] to;ſes, feet. 
The exterior ſide. 180 © | 180. © | 180 © 
% © Fir 4 1 128” 67] 134 1 
Tons. : 1 6 11 3 41 3031 
| The ſemi-gorges | 20 4 27 of 28 5 
Ie enn 4e 
[The flanks VET 
The faces . C 
| The lines of defence 2 © 19s TTY 1 
F er LR wes IS | 
The angle of the flank 99 26 | 100 39 102 35 
The angle of the ſhoulder 113 10116 10 121 1 
The flanked angle 62 32 76 38 v3 8 


a — — 0 _—_—— — 
7 7 by ; 


The length of the ſeveral lines according to Mr. Vauban's me- 
thod, being known ; it follows, that to obtain the Magiſtral Line, 
according to that celebrated ſyſtem b the method of fortify ng 
without, we are, 

1. To aſſign to the ſide of the polygon given to be fortified, the 
wack found in the table anſwering to the interior. fide, that is, 
when a ſquare 117 toiſes 3 feet, when a pentagon 128 toiſes 
5 feet, and when an hexagon 131 toiſes 1 foot. | 

2. To fix the ſemi-gorges at 20 toiſes 4 feet in the ſquare ; ; in 
the pentagon at 27 toiſes ; &c. 

3. To ſix the capitals in the ſquare at 4+ toiſes 1 A cod in tho 
pentagon 43 toiſes 4 feet; &c. 
And Laſtly, To determine the poſition of the flanks. 


TABLE, 


ELEMENTS OP FORTIFFECATION. 75 


Expreflng t the Wynn" of the | thine, and the — 
of the angles, 


BY THE METHOD or FORTIFYING WITHOUT. 


1. — — = hi 
bs F e : | Square — A 
? I 7 40%. feet toi ſes. feet. 4e. Jeet 
The exterior ſide 178 © | 182 0195 o 
*| The interior fide | 120 0130 140 © 
: The capitals _ 4 of Leaf © 
: The ſemi- gorges | 24 o| 26 of 35 © 
8 The curtain VVV of © 
The flanks [©8475 ©]. 24% 6} 29 o 
3 The faces : 51 3 50 of 60 o 
5 The lines of defence | 128 133 5 141 3 
6 The angle of the flaak | 99 0100 30 104 15 
The angle of the ſhoulder] 111 39 | 115 34 | 124 17 
— The flanked angle 14 64 42 77 52 79 56 
| 
. 
} | 
To 


, . 1 a, 5,30 * 
r, EY W . 
af — 
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To trace the Rape and Parapet 


D 


10. To, 


PLATE x. 


175 At he diſtance of 3 roles from the Magiſtral Line, 


and within the polygon, draw a parallel line; and 
e | 
Line, will repreſent the parapet. 

2. At 6 toiſes from this line, draw another parallel 
Une; and the ſpace, b, will Rey the cerreplein, 
of the rampart*. | 
3. At 3 toiſes from this laſt line; draw another paral. 
lel line; and the ſpace, c, will * the 1 interior 
* of the rampart. 


ace, a, between this line and the Magiſtral 


. At 6 feet + from the Magiſtral Line, A0 on the 
3 a ſmall fine line; and this line will ter 
minate the exterior talus of the revetment, 

\ Laſtly, Upon the terreplein, at 3 feet from the has 


draw another fine line; and this line will terminate 


the banquette. When the plan is upon a ſmall ſcale, 
theſe two laſt lines are omitted; but they are never- 
theleſs imagined, 


. * 
„ 


— 


* 


a 


* In this caſe, it forms empty or hollow baſtions : when this line tis not 
drawn parallel to the faces and flanks, but breaks off juſt hefore the baſtion, 
it forms full or ſolid baſtions. 


+ This ſuppoſes the revetmeat zo feet high, having for the 


eos the + 


part of its height, 


REMARK. 


l 
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1 " C 4 ; | N — k 4 FT 
R E 7 2 "3 , 
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When the plan is deſigned upon 2 large ſcale, it is 
uſual to draw the line terminating the ſlope of the 
banquette ; and even that of the interior. of: = 
parapet, though it is but one foot. 
That che ſlopes may be properly and, iftin&tly 
marked, it will be found neoeſſary to make uſe of the 


ſeale of an inch to repreſent 12 toiſes: the ſame ſcale 
to repreſent even 40 m— is not IT uſed. 


< ACS 1 ” s . 3 
renn 21 33:0 7 


To trace the Great Dith. 


LY WR PLATES. - 


Take with the compaſſes 18 of 20 toiſes, 6 or what- 
ever may be the breadth. intended for the ditch, and, 
with that interval from the flanked angle, A and F, 
deſcribe the arcs HI and KL; then from the angle of 


the ſhoulder, that is, from the interior meeting of the 


parapet of the face and of the flank *, draw the line, 
Ih and K Gi, tangents to the arcs HI and KL; and 


the interſection of theſe lines at G, will form the 


re- entring angle of the counterſcarp: theſe operations 
repeated for each front, will give the great ditch. 


1 th * —_ — * * ———— 


1 
— 9 L Wr —_— - * * 


I 4s not uneommonly drawn from the exterior meeting of the parapet 
of the face and of the flank. But this eonſtruction, without encreafing 


the flank, leaves the ſhoulder expoſed to the TY erected i in the covert- 
= to ruin the flank. 


: | REMARK. 


— yy 1 — 
1 ey —_— — — — - = Tz2: . og 
— — _ l 3 7 On ONE i UI ener ve TSS 1 — ang 2 E- 2 — —— r SY _ 22798 U — 
. . oe OS ave FR — RIES — : ES 2 : N S . —— Ts yt 8 —— E 
= — ps = 2 b 5 * LE — * 2 2 f —— Sig 2 i eN Fa $A * N F _ 2 kr — 
3 rr 8 2 —2 N.. 2 hs — yo — n 88 r cones ee — — 2 — - — — — gg - ch ny rd 
2 5 * 3 7 I « .. 4 * - * 2 — — —— — — — 
— 4 —— — "yy 2 — l 8 — —— . 
> Ae et — ns > —__ Re. 22 — —ͤ— — — — _ —— 


— 
r 


3 —— 


1 
8 - 
a 
[i 1 
ib 

1 
5 
fk 

4 

i 

U 


78 ELEMENTS or FORTIFICATION.' 


By this conſtruction there is no part of the ditch 
but what is ſeen and defended by the flanks': that 
part before the curtain CD, is ſeen and defended by 
both the flanks BC and ED; that part before the 
face AB, is ſeen and defended by the flank ED; and 
that part before the face EF. 5 is You 'and defended by 
the flank BC. i 


it the line of the coontticary, 4 a, did not tile 


with the interior meeting of the parapets of the face and flank, 


but was drawn in a direction with a point in the flank 7 or 8 toiſes 

nearer towards the curtain, that ſpace of the flank would become 

uſeleſs for the defence of the ditch. | 
If the line of the counterſcarp was drawu in a direction with a 


point in the face of the baſtion as 4, the part 3d of the face AB 


would be expoſed not only to the battery i in front, but alſo to 
that erected in the covert way oppoſite to the flank BC 


Were the counterſcarp to be traced parallel to the Magiſtral 


Line, the flanks BC and ED could not defend that part of the ditch 
oppoſite the faces AB and EF, OO i TOON 
. prevents their being diſoovered. 1 2 


1 1 < F f 


E o trace «the Coen and Glacis. 


9 F 3 y F » 
3 


116. 1. PLATE X. 


1. At 6 toiſes from the counterſcarp, draw a line; 
and the ſpace M between this line and the counter- 


ſcarp, will repreſent the covert way: the line itfelf 


will terminate the interior ſide of the . 


8 4 


„ FY MI. FS 


25 are fixed on this banquette. 


2 


ELEMENTS OF FTORTTISATTONJ 79 


2. At all the re: entring angles, trace places of arms: 


for example, at O, make O and O each equal to 
15 toiſes; from P and Q, with an opening of the com- 
paſſes equal to 20 toiſes, deſcribe two ares ta interſect 


each other in R; then join PR and QR, and the * 


of arms at O will be traced. 


The lines OP and O, which e ae are the 


ſemi-gorges of the place of atms, and the lines PR 
and ate the faces: in the faces a 10. for fal- 


lies is cut to or 12 feet wide. 0 5827 


Mr. Vauban . only 10 toiſes to che ſemi .gorges of the 


places of arms, and 12 toiſes to the faces ; but this making the places 


-of arms not ſpacious enough to admit retrenehments (Which are 
deemed neceſſary to enereaſe the defence and to ſecure the retreat 


of the troops employed in the covert - way) greater lengths were 


given to the ſemi-gorges of the faces : according to ſome, the ſemi- 


gorges ſhould be 15 toiſes, and the faces 20 toiſes ; ; according to 


others, the ſemi-gorges ſhould be 20 toiſes and the faces 25 toiſes. 


The faces for the purpoſe of direct defence; ſhould: as much 28 
poſſible form right angles with the branches of the covert - way. 


Though places of arms are ſuppoſed to be more advantageous in 


proportion as they are more ſpacious, they are, however, much 
expoſed to the ricochet batteries; and, from their great projection, 


chey are alſo in danger of being: attacked. 5 . time with the, 


ſaliant place of arms. 


83 CT» 4 : 5 - 7 ; kt. þ +. * 0 2 
4 * — 1 4 * \ 
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3. At 6 feet from the ive Rig the i interior 


fide of the glacis, and within the covert way, draw a 


line ; and this line will terminate the banquerte : * pali- 


Ln { þ 


If fine lines are drawn parallel to the faces of 


whe places of arms, and to the covert way, at 20 


-.toiſes 


* 
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toiſes from each other, theſe lines, as RS, IK, TV, 
c. will terminate the glacis. 
Luaſtly, join, by right lines, as Ps, RT Q. ke. 
all the angles of the glacis with the correſponding 


angles of the covert - way, and theſe lines will repre- 
ſent the ridges and gutters of the glacis: the lines PS, 
Q, &c. repreſent the gutters, and RT, &c. the ridges, 


The lines PS, RT, QV, Kc. repreſenting the 


ridges and gutters, are drawn ſomewhat ſtronger to- 


wards the head of the ym, than towards the foot.] 


R E M A R 


Ki" 


& 3 i 2 
1 : 
1 * 1 


* * 


rr 
6 n 
4 4 * 
of 


. 
reſponding angles are joined together by right lines 
to repreſent the ridges and gutters; the correſponding 


angles of tlie interior talus of the rampart, are alſo 


joined together by right lines, and indeed fo ſhould 
be a ere, __ 11 al NIE 1 02 


ot the Traverſes. | 


The cw atthe re-entring places of arms are 


a by letting fall a perpendicular from the extre- 


mities P and 


Q of each. face of the place of arms, 
upon the counterſcarp® ; ; and drawing, at the diſ- 


tances of 3. toiſes, and without, the place of arms, A 


parallel line to each of theſe perpendiculars, 


8 —_— 


"td 


LY * 6— 0 


* 


* 


8 =y 


+ 7 
* 


* They a are not pncommonty raced by the . of the faces of 


theſe places of arms; eſpecially when the faces have nearly a perpendicular 


direction with the counterſcarp. 


The 


S 
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The traverſes at the ſaliant places of arms are 


traced, by the prolongation of the faces of the baſtion; 


and drawing a parallel, at the diſtance of 9g feet, and 
without the places of arms, to thoſe prolongations: 
when the flanked angle of the baſtion is obtuſe, it 


is more advantageous for the traverſes to be perpen- 


dicular to the counterſcarp. The banquette to the 
ſeveral traverſes is 6 feet, and is always made towards 
the re- entring n | 


It is the aße, Wa to trace the traverſes at the faliant 
places of arms, by the prolongation of the parapets of the faces of 
the baſtion; in which caſe, indeed, they would be cannon proof, 
that is, 18 feet thiek: but they may ſerve for epaulements to the 


beſiegers, after they are maſters of the faliant angles; whereas if 


they were only 9 feet thick, they would be liable to be overs 
thrown by the cannon of the beſieged, and conſequently oblige 


the Veliegers to be more cautious in making their RIES . 


For the 3 of paſting and ropaling, there i is a 
ſpace of 3 or 4 feet in breadth between the traverſes 


and the glacis, which, to prevent enfilading, is gene- 


rally cut in the glacis : this ſpace, however, will be 
more advantageous, when of the breadth of 6 or 8 
feet. There is no banquette to that part of the co- 
vert way where the paſlages are cut. 


REMARK 


Fig. 1, Plate X. being formed on ſo ſmall a FEW as 
not to allow a diſtin& repreſentation of the ſeveral 


ſlopes, Fig. 1. Plate XI. which contains part of the 


covert. way and glacis, is drawn on a ſcale that ad- 
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mits the ſlope. of the counterſcarp, the interior flope 
of the glacis, and that of the banquette, &c. The 
aum g by dots or N 


. 


7 trace the Concave Flank and Orillon, ac- 
e to Mr. Vauban 8 Conſtruciion. , 


SIS + PLAT E x. 


Divide the flank BC into three equal parts, and di- 
vide By, one of theſe parts, into two equal parts; from 
the point 0, raiſe within the baſtion the indefinite per- 
pendicular op; and from B, the extremity of the 
face AB, raiſe to that face another perpendicular, as 


Bp, to interſect the firſt op; then from p, the point of 
interſection as center, and with the interval Bp, de- 
ſcribe the arc By, and this will form the orillon : the 


orillon is not oy WR: by taking By for 
diameter, 


From the Aanked Angle F of the oppoſite baſtion, 
draw Fu W; and take for W, which is the reverſe 
of the orillon, 5 toiſes ; then prolong the line of de- 
fence FC, and make CX, which is the brizure, equal 
alſo to 5 toiſes* ; then make the equilateral triangle 
WX; from q as center deſcribe the are WX,, and this 
will * the concave flank. 
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* Mr. Villeneuve pretends that Mr. Vauban's brizure was not formed by 


the prolongation of the line of defence, but hy the prolongation of a point 


taken about the extremity of that face of the half-moon neareſt to the 
oppoſite baſtion : this conſtruction enereaſos the retired part of the flank. 


The 
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The interior ſide of the parapet of the orillon is 
traced, by drawing a right line, at the diſtance ” 


3 toiſes, from and parallel to the line By. 


The parapet of the concave flank is traced, by 6 
ſcribing an arc 9, with an interval qX or W, ins 
creaſed by 3 ns the thickneſs is for the 


nn 


ny 2 ee ee e Fo 


1. The flanks in the hexagon, according to the 
conſtruction of Mr. Vauban, have ſomewhat more 
than 27 toiſes; the cord of the otillon will, therefore, 
be about g toiſes, and the cord of the flank about 
18 toiles, . | 


The 2 2. part of the flank, that is, about 9 + ods which Mr, 
Vauban takes for the orillon“, is generally thought to be more 
chan is neceſſary for the purpoſe of covering the retired part of the 


flank : Mr. Muller direfts the cord of the orillon to be 5 toiſes-only, 


which he deems ſufficient for covering the retired flanks ; and by 
this conſtruction, the flanks have more extent, than by Mr. Vau- 
ban's. The cord of the orillon ſhould, however, be of ſufficient 


length not only to admit the parapet of the face of the baſtion, 


and the ſtone or brick parapet of 3 feet thick, uſually made at 
the reverſe of the orillon ; but alſo to leave room ſufficient to re- 
ceive a piece of cannon, which in caſe of need might ſerve for 


the defence of the orillon ; and this, as experience ous mould 
be at leaſt 6 toiſes, 


o 
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Before the time of Mr. Vauban, even a greater part of the flank was 
taken for the orillon: Mr. Deville fixed it at the two=thirds of the length of 
the flank; and Count Pagan, whe makes the orillon ſtrait inſtead of 
convex, fixed it at one-half of the length of the flank. 


G 2 2. By 
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2. By this conſtruction of the reverſe of the orillon 
W-, that part of the flank neareſt to W, cannot be 
ſeen from any part of the covert-way: in this part an 
embrazure is cut for a piece of cannon, that from its 
ſituation cannot be diſmounted but by ſhells, the 
effects of which muſt be very uncertain in ſo ſmall a 
ſpace. The uſe of this piece of cannon is to defend 
any breach the enemy may make in the face of the 
oppoſite baſtion; and its embrazure is therefore cut 
ſo as to direct the fire in that part of the face of the 


oppoſite baſtion where the breach is uſually attempted. - 


That is cannon a might ſtill be more ee Mr. Villeneuve 
recommends the reverſe of the orillon io be in a direction, not 
with the flanked angle of the oppoſite baſtion, but with a point 
taken upon the capital, and diſtant from the flanked angle 5 toiſes, 


At the other extremity, X, of the concave flank, 


there is another embrazure cut for a piece of cannon, 
which, from its ſituation, cannot likewiſe be diſcover- 


ed by the enemy : the uſe of this piece is to defend 


the covert-way z and its embrazure 1 is, therefore, cut ſo 
as to direct the fire in that part of the covert · way oppo- 
ſite the flanked angle of the oppoſite baſtion: the re- 
mainder of the flank between theſe two embrazures, 


has as many more embrazures as che extent will 
admit. 


By the conſtruction of the brizure aſcribed to Mr. Vauban by 
Mr. Villeneuve, the piece of cannon at the extremity, X, is ſtill 
more covered than by the common method; and, in caſe of need, 
it may even ſerve to defend the gorge of the half-moon, 


Some 
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Some engineers, to fave expence, recommend 


4 and B, Fig. 1. Plate X. for the conſtruction 


of the flanks, in which the advanced part, A, is 


| ſtrait inſtead of convex; and the retired part, B, 
is alſo ſtrait inſtead of concave : the part A, con- 


ſtructed after this manner, is called epaulement. The 
advantages aſcribed to the orillon over the epaulement, 
are, that it is ſtronger, and covers more effectually 
the retired part of the flank; and thoſe aſeribed to 
the epaulement over the orillon, are that it is leſs 
expenſive and affords a greater defence to the face of 
the oppoſite baſtion. 

The ſuperior advantages of the concave to the 
ſtrait flanks, are, that they have more extent, and 
afford a better view of the counterſcarp; and thoſe 
aſcribed to the ſtrait flanks, over the concave, are, 


that they are leſs expenſive and better adapted to de- 


fend the paſſage of the ditch, 


Of the Embrazures. 


o, . ad 3. : PLAT E XII. 
The openings A, B, C, in the parapet for firing 


the cannon from the rampart, which are called embra- 
zures, are cut ſloping towards the country *, and 


þ — N * — 
* — 


* They are cut loping for the purpoſe of more effectually levelling at 
the enemy; the bottom of the embrazure has generally the ſame ſlope as 
the ſuperior talus of the parapet, that is, the direction of this ſlope meets 
in general either the ſummit of the glacis, or the cquaterſcarp. 


G 3 within 
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within 3 feet * of the terreplein of the rampart : they 


have commonly three different breadths; the firſt, ab, 
is towards the place, and is about 3 feet; the ſecond, 
cd, which is about 1 foot behind the firſt, is 2 feet, 


the breadth neceffary to receive the cannon ; the third 


breadth, u m, is outwards, and is 9 feet. 
The uſual diſtance between the embrazures | is 18 
feet from center to center, 
The part D of the parapet between two embra. 
zures is called merlon; and that part of the parapet, 
which reaches from the terreplein to the bottom of 


the embrazure, and which ſerves to cover the carriage 


of the cannon, is called genonilliere, or Enes. 

To prevent the wheels of the cannon from ſinking 
into the ground, and to render the working of the 
cannon more eaſy, a floor of ſtrong planks is laid 
upon the rampart, which is called platform F. The 
platform is generally 18 feet long, 15 feet broad be- 
hind, and 9 feet before, with a ſlope of about 9 or 
10 inches to leflen the recoil of the cannon, and for 
bringing it more eaſily forward when loaded, The 
platform is compoſed of 5 joiſts called feepers, laid 
lengthways from the parapet, well ſecured -on both 
fides by ſtakes : upon theſe ſleepers planks: of about 
3 inches thick, and 1 foot broad, are laid parallel to 
the parapet; and at the end of the platform next to 
the "_; a THE t a inches mw and F feet 


a e — th thn d P_ RW" 1 tt. att 1 — 8 6. A 


WW” "x ao 


* This ER depends on the greater or leſs height of the wheels, and 
on the nature of the carriage. 


+ In fortreſſes, the platform, as has been already obſerved, for the ſake of 
Aurability, is often formed with large flag ſtones, 


long, 


_ 
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y long, is laid to prevent the wheels from damaging the 

„ parapet: this piece of timber is called Hurter, from 

, ile French Heurtoir. 

IT The opening, A, repreſerits the plan of an embra- 

4 zure without its ſlopes; the openings B and C repre- 
ſent it with the ſlopes* : the platform for the embra- 

8 zure, B, is left unfiniſhed to ſhow the diſpoſition of 


the joiſts; and that for C, which is finiſhed, has its 
piece of cannon placed upon it, | 
t, Fig. 2. is the profile of an embrazure and plat 
of form, with the piece ready for firing. 

[In plans, as has been already obſerved, the embra- 


e 
zures are generally repreſented by iſoſceles triangles, 
8 whoſe points are towards the place.] 
1e | — 
id Of Barbette Batteries. 
ne C 
C- | 9 
hy The platform erected at the flanked angle of the 
hs baſtion, within 3 feet from the ſummit of the parapet, 
8 for the purpoſe of firing en barbette, that is, with- 
1d out the help“ of wanted i called baybette battery. 
th | 
ut To o trace a Barbette Battery. 
to 
= From the flanked angle A of the baſtion, take 
| from , 12, to 18 toiſes, upon the faces for the length 
et 
of the platform; then draw a parallel to the interior 
8 fide of the [any tis from 5 to 6 wn for the breadth; 
and 
- of * In this inſtance the Os are eg in a . A à revetment 
of brick; the ſides of the embrazures have alſo a revetment of brick to leſſen 
g che ſlope. 


G 4 and 
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and at each end form an eaſy aſcent about 12 feet 
broad, with a baſe of atleaſt'r8 feet. 


Of Rampes. 


4 


F 10. I. PLATE. x. 


The oblique ſlopes cut in the interior talus of the 
rampart, to facilitate the aſcent and deſcent of the 
troops and artillery, which are called rampes, have 
for breadth from 10 to 12 feet, with a baſe at en 
ſix times the height of the rampart. 


To trace the a pes at the Gorge of ſolid 
Baſtions. 


To the line 1, 2, which terminates the interior 
talus of the rampart, draw the indefinite parallel 


line 3, 4, diſtant from the line 1, 2, ten or twelve 


feet; from 3 to 4 take 20 toiſes, that is, at leaſt ſix 
times the height of the rampart ; then draw the line 
4, 5, and to this line draw the parallel 6, 7, diſtant 
from it 10 or 12 feet alſo, and 4, 5, 6, 7, will re- 
preſent a rampe: the ſame operations repeated on the 


other ſide of the angle of the center of the baſtion, 
will produce the other rampe. 


To trace the Raimpes bo Hollow Baſtions. 


Upon the prolongation of the line 1, 2, which ter- 
minates the interior talus of the rampart, meaſure 10 
Tr OP 40 
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Or 12 feet, that is, $ from 1 to 8, take 10 or 12 feet: 
from 8 to 2, draw the line 82; and from 8 to q, the 
ſummit of the angle of the ſhoulder of the rampart, 
draw the line 8, 9; to this line draw the parallel 1, 
&c. from the point 1; and 1, 8, 9, &c. will repre- 
ſent the rampe: the ſame operations repeated in the 
interior talus of the other flank, will produce the 
other rampe. Theſe rampes are often and more pro- 
Pry * _ x N. 


To deſcribe the Profile of the Rasper, Ditch, 
Covert-way and Glacis. 


FIG 1. PLATE XIII. 


The profile being a repreſentation of the ſeveral 
works cut from the top to the bottom, by a plane 
perpendicular to the horizon, that is of the different 
breadths, heights, and depths ; and the plan, a repre- 
ſentation of the length and breadth of the ſeveral 
works; it follows, that, to deſcribe the profile re- 
quired, we are to ſuppoſe the plan cut perpendicu- 
larly from the top to the bottom in the direction of a | 
line, as YZ*. See Fig. 1. Plate X. 

The firſt ſtep to deſcribe the profile is to prepare a 
ſcale much greater than that of the plan, that the 
ſeveral breadths, heights, and depths, may be diſtinctly 


—— * Wa 
—— 


— 
— 


* Wherever the line YZ is at right angles with the lines of the plan, 
the meaſures for the breadths may be taken upon this line; but where it 
is not, they ſhould be taken, not upon this line, but according to their 
known breadths, that the meaſures may not be falſe. 

| repre- 
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repreſented *; and the fecond is, to draw an horizon- 
tal line as AB. All the parts above this line, repre- 
ſent what has been raiſed above the ſurface of the 
ground; and thoſe below it, what has been ſunk be- 
neath it. When this is done, | 
From the point A to C, upoh the vert line 
AB, meaſure 3 toiſes, allowed for the interior talus 
of the rampart}; at the point C, raiſe the perpen- 
dicular C D of three toiſes, for the height of the 
rampart 1, and draw the indefinite line DN parallel to 
AB; then make DE 5 toiſes for the breadth of the 
terreplein of the rampart, excluſive of the banquette. 
At the point E, raiſe the perpendicular EF of one 
foot and a half, for the height of the banquette, and 
draw the line F H parallel to DN; make FG and 
GH z feet each; and join E G for the talus of the 
banquette: G H will then repreſent the breadth of 
the upper part of the banquette. | 
From the point H raiſe the perpendicular HI 
42 feet for the height of the parapet above the ban- 
quette d; from the point I draw I K parallel to DN; 


en a th 8 ry = r 2 * — 
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* That the different parts may be properly and diſtinctiy expreſſed, it 
will be neceſſary to make uſe of the ſcale of an inch to repreſent 3 toiſes: 
the ſame ſcale to repreſent 5 toiſes, is not uncommonly uſed. 

'+ This ſuppoſes the height of the rampart to be 3 toiſes, and the lope 
the ſame as that of natural earth. : | 

{ 3 Toiſes is the more general height approved of for ramparts. For the 
advantages and diſadvantages both of high and low raniparts, ſee page 10. 
8 A greater height will not allow men of the common ſize to fire over 
the parapet. The height of the parapet over the banquette, not being 
ſufficient to cover the ſoldiers when 8 it is uſual for their ſeeurity 


3 againſt 
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upon IK, meaſure for LL one foot, and join HL. 
to repreſent the interior ſide of the parapet. 1025 

Make LK 3 toiſes for the thickneſs of the para- 
pet, and from the point K let fall the perpendicular 
KP, prolonged indefinitely below the horizontal line 
AB; then give to KM g feet, and draw the line 
LM for the ſuperior talus of the parapet“; by this 
conſtruction of the ſuperior talus, the fire of ſmall 
arms may nearly reach the border of _ counter- 
ſearp, 

At N, the point 4 meeting of the 5 P N a 
DN, deſcribe a ſemi- circle, with a radius of about 
one foot , and this will repreſent the cordon, which, 
when the works have a revetment quite to the top, is 
always on a level with the terreplein of the rampart. 
From N to P take 5 toiſes, and from the point P 
draw the indefinite line PA parallel to AB: this line 


i. 


——ü— 


againſt muſketry in time of a ſiege, to raiſe the interior part of the parapet 
with ſacs a terre, which are ſacks made of ſtrong and coarſe eloth filled with 
earth. They are, in general, 2 feet in length and 6 or 8 inches in diame- 
ter; and are placed in two rows one above the other, with an interval be- 
tween each, in the lower row, ſufficient to receive the muzzle of the muſtet. 
The interior part of the parapet, was formerly not uncommonly raiſed with 
Imall gabions filled with earth, having for height ſomewhat more than 
1 foot, and for diameter at the top 12 or 14 inches, and at the bottom 
Io or 12 inches. | | 

* The direction of this flope depends on the height of the rampart, and 
the breadth of the ditch ; it meets, in general, the ſummit of the glacis, 


or the counterſcarp, or ſome point between 8700 counterſcarp and the ſum- 


mit of the glacis. 
+ That is, not from N, but rather from a point about one foot below 


N : the cordon has, in general, but 8 or xo inches diameter; bur. it has 


bem Foe a foot for * to render it more apparent. 
repreſents 
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repreſents the bottom of the ditch, which; by * 
deere has for depth but 12 feet“. 
From N to O, meaſure 5 feet + for the thickneſs 
of the revetment at the cordon, and draw the inde- 
finite line O Q parallel to the line NP, to re 
es interior ſide of the revetment. 
Upon the line Pn give to PR 6 feet for the lope 
of the revetment, that is, the fifth part of the height 
PN; then join NR to repreſent the ſcarp, or the 
exterior ſide of the revetment 4. | 
Upon Pn, give RS one foot for that part of the 
foundation which projects beyond the ſcarp; draw 
8 T perpendicular to Px, two or three toiſes 5 
lower than the bottom of the ditch, to repreſent the 
depth of the foundation; and make T e 
to K to in ene 9 e the 3 Q. 


1 


For the EE and INE both of broad and deep ditches, 
| ſee page 23 ; and for the advantages aud ante * of . and wet 
ditches, ſee page 24. 
T The thickneſs of a revetment of 30 feet elevation at the top, is 
fixed at 5 feet, its ſlope being commonly the one-fifth of the height of 
the revetment ; and as it begins at the top and ends at the bottom of the 
ditch, the thickneſs of the revetment, at the bottom, will be 11 feet. The 
table in page 16, expreſſes the dimenſions of revetments, having for ſlope 
the one-fifth part of the height, from 10 to 50 feet elevation. | 

+ When it is a turf lining, this ſlope has the two-thirds of the height, 
and begins at the top of the parapet. See Fig. 2. Plate IV. | 
S The depth of the foundation depends on the nature of the ſoil, and 
the height to which the revetment is to be carried : when the ſoil is of a 
good conſiſtence, the foundation need not be laid more than 4 or 5 feet 
deep; when the ſoil is not firm or hard to a ſufficient depth, the foundation 
muſt then be laid much deeper, and the precaution taken of raiſing it upon 
2 grate of timber. | 


The 
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The common ſtructure of a revetment of zo feet elevation, of 


ſufficient ſtrength to reſiſt the preſſure of the earth, requires the 
thickneſs at the top to be 5 feet, with a fifth part of the height 


for ſlope, and counterforts at the diſtance, of 16 feet from each 
other. The great expence of this ſtructure ſuggeſted 1 to Mr. Coe- 
horn, the expediency of not giving the rampart a full revetment: 
and by a method of his own invention, he formed revetments of 
ſufficient ſtrength to reſiſt the preſſure of the earth, though of 
much leſs thickneſs at the top, | with leſs lope, and without the aid 
of counterforts. For the thickneſs at the top, he allows only 
3 feet; and a fixth part of the height for flope. But as a 
wall, To weak in its dimenſions, could not be ſuppoſed to reſiſt the 
preſſure- of the earth, which would ſoon diſorder every row of 
bricks placed horizontally after the common method, as A Fig. 2. 
Plate XIII. he contriyed.to place them perpendicular to the flope, 


as B Fig, 3. Plate XII I. ſo that when the earth at the top preſſes the 


uppermoſt row of bricks, inſtead of diſordering that row, it prefſes it 
only fo much cloſer to the ſecond, the ſecond tothe third, and fo on: 
By this method, a firmer compaction is given” to the whole wall, 

which cannot be overthrown, but by ſapping, irs foundation, or by 
cannon-balls ; which laſt danger induced Mr. Coehorn, to keep it as 
much as poffible concealed from the enemy. No conſtruction, how- 
ever, can be better adapted to leſſen the great expence of revet- 
ments, and to refiſt the preſſure of the earth; and, whenever it ean 
be ſecretly and ſafely uſed, it ought always to be preferred to the 
horizontal layers, The revetments of thenew works at Portſmouth, 
which are of ſtone, are raiſed after this method of Mr. Cochorn' 6 
but with counterforts after the French method. 


_ To' deſcribe the revetment of the parapet, drum 
the line X &, and parallel to N M, at 3 feet diſtance; 
and this ſpace will repreſent the thickneſs allowed to 
the revetment of the parapet“: the coping which is 
called tablette, is made to project about 6 inches. | 


S 


Engineers in general are againſt the parapet having a revetment either 
of ſtone or brick: becauſe, when ſuch a revetment is fired againſt, the 
thards do much miſchief; and becauſe embrazures are not ſo eaſily cut in 


it 
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If the line Y Z. is ſuppoſed to cut à counter- 
fort, to repreſent this, give to the line OV. 8 feet *, 

and draw VX parallel to O Q; and OQXV wil 
repreſent the profile of a counterfort. 


To repreſent the ſlope uſually given to the 48 
plein of the rampart for carrying off the water, take 
2 feet from D to W; then join W E for the ſuperior 


part of the rampart, and A W for the i interior talus 
of the ratnpart. . 

The profile of che part and & ; its 1 party 

being thus deſcribed, take upon P, that 15, from, 

P to 2, 20 toiſes + for the breadth of the ditch 1; at 

| the point u raiſe a perpendicular to meet the W 


tal line A B; and the point mn will jermingte the bor- 


der of the counterſcarp. 


At 3 feet h from the line am draw tha Wake 2), 
br the thickneſs of the revetment of the counter- 


PS of 


— 


* * . 3 0 * TI * - 9 — - — 
177 „ 7 x bf 4 Lb $ 9* L | &1 p35 by 


it as when it is lined with turf. It has for exterior ſlope the two-thirds 
of the height of the exterior height of the parapet. But has, however, 
without, and at the foot of it, a ſmall fpace to prom: the earth 1288 
into the ditch, fee Fig. 1. Plate IV. 132 


* This is the neceſſary length of a counterfort't to ſtrengthen a revetment of 


zo feet elevation. For the neceſſary length and breadth of counterforts, for 
the ſeveral revetments from 10 to 50 feet elevation, ſee the table, page 16. 
f This ſuppoſes thy breadth of the ditch to be 20 toiſes on that part of 
the plan, Fig. 1. Plate X. where the line YZ is ſuppoſed to cut it from the 
top to the bottom: the conſtruction of the ditch, according to ſome en- 
gineers, is to make the counterſcarp parallel to the faces of the baſtion ; 
but it is far more preferable to make it as deſcribed in page 77. 
I When the ditch is dry, the direction of the bottom, is more ac- 
cording to Pn; that is, the . of it is man ſomewhat lower 
than the extremities. 
85 According to the table, page 16, we ſhould have taken rather more 
thas 4 feet, for the thickneſs of the revetment at the top ; but 3 feet is, in 


general, 


* *** 
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ſcarp at the top; take for u 2 feet &, and join um 
to repreſent the ſlope of the revetment of the counter- 


ſcarp + ; then finiſh the foundation thre ee. 


ner as * al * e gg 2557 eig ger etil 
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To debe the Profile of he coe vy a and 


Glacis. 


Take from m to Apr wk +; and at the point c, 
raiſe a perpendicular c 4 one foot and a half high, for 
the banquette, and draw 4½, which make 9 feet, paral- 
let to AB; divide af i fo as that ef may meaſure 6 
feet; and join ec for the flope of the banquette, 

At the point 5, raiſe a perpendicular fl of 42 feet, 
for the height of the parapet of the covert-way, and 
prolong If till it interſects AB in 7; for the breadth 

of the glacis, meaſure from 7 to g 20 toiſes; then 
join Ig to repreſent the direction of the ſiope of the 


2 


general, deeme@fufficient, though the height ſhould even exceed the pre- 
ſent height of 12 feet: if Mr, Cochorn's method of a revetment is Oy 
lowed, it would not require more than 2 feet, 

* That is, the ſixth part of the height is given for flope, inſtead of the 
fifth part: this conſtruction renders the revetment ſufficiently ſtrong and 
leſs expenſive. 

+ When the counterſcarp has no revetment, the lope is equal to the 
depth of the ditch. Counterſcarps without either a ſtone or brick revet- 
ment, are very diſadvantageous, eſpecially when in dry ditches, as they 
facilitate the enemy's deſcent into the ditch. | 

+ This ſuppoſes the covert-way level with the horizon. It ſhould, how- 
ever, be made with a ſlope towards the ditch of about 2 feet, to carry off 
the water. For both the advantages and diſadvantages of the covert-way, 
when raiſed above, or ſunk below the horizontal line, ſee page 26 and 27. 


glacis ; 
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glaecis from to h meaſure 1 foot, and join #f to 
repreſent the interior fide of the parapet of the covert- 
way : this being done, deſeribe the profile of à pa- 
liſade: the paliſades are fixed in the banquette a little 
ſloping, and about 1 foot from , which terminates 
the bottom of the parapet. The head of the paliſade 
riſes 6 inches above the top. of the glacis. { 

The * were * fixed within 2 feet of the top 
of che glacis; but this practice expoſing them to the enemy 8 
cannon, it was laid afide, and the preſent method introduced: it 
would, however, be morę adyantageous, to fix the paliſade 
the covert way and diſtant from the glacis 6 feet. Mr. Coehorn 
obſerving how much the common manner of fixing t the paliſades, 
expoſed them to the beſieger's cannon, contrived that as many as 
ſtand within 10 or 12 feet, ſhould turn up and down like traps as 
occaſion required: theſe pics. are ee turning. K 2. and 
are in much eſlemm. | 


2 . 
* „1 * * —_— the the — " as PR . 


s within ' 


* In otder not to ws bilge to 80 4 greater . to the interior part 
of the covert- way, it is uſual to give it a revetment of brick, which is car- 
ried from 3, 4, to 5 feet high, that is, not fo high as to come within a foot 
of the top of the parapet: the ſame precautions are taken for the interior 
part of the parapet of the body of the place. The ſides of the traverſes 
have ſometimes a revetment raiſed of brick, alſo within one foot of the top, 
this neee enereaſes much their 1 
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„ c ai 
Of the Outworks. 0 5 th 
To trace the Single Tenail. 4 
16.  FEATE IVF, 


At the diſtance of 3 toiſes from the curtain AB, 
draw the parallel CD; and this line will terminate the 
interior part of the terreplein of the tenail: the ſpace 
between the lines AB and CD, repreſents that part 
of the great ditch, which, when it is dry, ſerves as 
a place of arms, from whence the troops may fally, 
deſtroy the works, of the enemy in the ditch, oppoſe 
their deſcent, and retire with ſafety ; and, when the 
ditch is wet, ſerves as an harbour for the boats made 
uſe of to carry out armed men to oppoſe the paſſage 
of the ditch. 

At 5 toiſes from the flank AG and BH, draw the 
parallels CE and DF. 

Then draw the lines of defence, and at 3 toiſes 
from EK, KF, parts of the lines of defence, draw the 
parallels bc and cd; and theſe lines will terminate the 
interior part of the parapet : the lines EK, KF, repre- 
ſent the magiſtral line of the tenail. 

Laſtly, at 3 feet from the interior part of the para- 
pet, draw a fine line; and this line will terminate the 
banquette. 

When the plan 1 is upon a large ſcale, draw alſo 


a fine line from EK, and from KF, EC, CD and 
H DF, 
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DF, at 2 feet+ diſtance; and theſe lines will termi- 
nate the talus of the revetment. Fig. 1. Plate XIV. 
however, being upon ſo ſmall a ſcale, the lines termi- 
nating the talus of the revetment, and alſo the line 
terminating the banquette, cannot well be expreſſed. 


0 [WA RK 
| The terreplein of the ſingle tenail, which is never 


raiſed above the horizon, but rather from 1 to 3 


feet lower, is ſometimes made to run parallel to its 
magiſtral line, and at the diſtance of about 3 toiſes. 
See P, Fig. 1. Plate 1. 


To trace the Tenail with Flanks. 
FiG0. = PLATE MY. 


At the diſtance of 3 * draw GH, parallel to 
the curtain CD. 


And at 5 toiſes from the flanks BC, DE, draw the 
parallels GI, KH. 

Then draw the lines of defence AD, CF : from L, the 
ſummit of the angle of the tenail, ſer off on both ſides 
LM, LN, each equal to half LI or LK; then, from 
M and N, let fall upon the lines of defence the per- 
pendiculars MO, NP: theſe perpendiculars will re- 


* o g 
_—_—— 1 TI" * 


— w—_ — 


+ This ſuppoſes the revetment 10 feet high, and the ſlope the one-fifth 
part of its height: but when it is a turf lining, and the ſlope conſequently 
the two-thirds of the height, it follows, that this diſtance will then be 
about 8 feet. This work is ſeldom raiſed in a dry ditch, and has generally 2 
revetment., 


preſent 


tai 


ts 
8. 
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preſent the flanks; the lines MI, NK, the faces t; and 
if O and P are joined together, the line OP will be the 


curtain. The flanks of the tenail are not uncommonly 


made parallel to the flanks of the baſtions. 
The parapet, which is 3 toiſes; muſt be drawn pa- 


rallel to the magiſtral line IMOPNK, and the ban- 


quette is to be the ſame as that of the parapet of the 
body of the place; but to the parapet of the faces, 
when it is raiſed higher for the purpoſe of more effec- 
tually covering the — 1 are generally two 
banquettes. | 

The terreplein is made about 6 tolls at the faces 
and flanks, and is terminated at the curtain by 
GH: the terreplein at the curtain ſhould, Cyr; 
never be leſs than 3 toiſes. 

In the middle of every tenail, there is left a paſſage 


of about 2 toiſes, to admit the bridge of communication 


from the body of the place to the half moon : the 
communication between the two parts of the tenail, is 


maintained by ſtrong planks thrown acroſs from one 


to the other; and the entrance from the ditch into the 
tenail, is by ſteps cut in the interior part of its terre- 
plein, tho? it is more eaſy when made by rampes. 

Fig. 4. Plate XIII. repreſents the profile of the 
tenail, Fig. 2. Plate XIV, taken according to the 
direction of the line VZ. | 


- —— 


+ The faces generally differ in length according to the length of the cur- 
| tain of the body of the place: their length, however, ſhould never be ſo 
great, as to render the flanks leſs than 8 toiſes. 


H 2 RE MARK. 


\ 
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Mr. Vauban, who introduced theſe tenails, gave at 


firſt the preference to the tenail with flanks, becauſe it 
defends the ditch much better, and adds a low flank 


to the baſtion: at laſt, however, though it defend 
the ditch but obliquely, he gave the preference 
to the ſingle tenail, becauſe it is not liable to be 


enfiladed, to which the tenail with flanks is much 


expoſed : this defect in the tenail with flanks, how - 


ever, might be remedied by covering them with the 
parapets of the oppoſite half-moons, or with ſome 
other work, ſuch as Junettes, tenaillons, &c. 


The defects obſerved in the ſingle tenail, and the tenail with 
flanks, after Mr. Vauban's conſtruction, engaged the attention 
of ſeveral engineers of eminence, who, for a long time, exerted all 


their abilities to ſupply them. Some conſidered the ſingle tenail 


as much improved, when the middle part was made parallel to the 


curtain: ſee R, Fig, 1. Plate I. But the only important advantage 


gained by this conſtruction, is, that a greater ſpace is left between 
the tenail and the rampart. 

In the tenail with flanks, or double tenail, the generality are 

for rejecting the curtain, ſee Z, Fig. 1. Plate III. becauſe, be- 
fides not leaving the neceſſary ſpace between the rampart and te- 
nail, there cannot be a ſufficient terreplein. _ 
Indeed, except by Mr. Belidor, little or no alteration for the 
better was produced. The work R, Fig. 3. Plate XIV. invented 
by Mr. Belidor, anſwers the purpoſe of both tcnails, and is called 
rams horns, from its reſemblance to the horns of the ram. It has 
great advantages over the tenails of Mr. Vauban, becauſe it cannot 
be enfiladed; as its form is circular, it ſees not only the ditch 
directly, but alſo the level ground of the half-moons, and the op- 
poſite part of the covert-way ; it reſiſts with more power the 
enemies batteries ; and is of leſs expence in the conſtruction. 


To 


tair 
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To trace the Rams Horns. 
110. 3. PLATE XIV. 

Having drawn the lines of defence, from the ſhoulder C to a, in 
the direction of the line of defence E B, meaſure 3, 4, or 5 toiſes : 
then draw from a, upon EB, the perpendicular @ 5, and the inter- 
ſection of this perpendicular line, with the other line of defence, 
AF, produced, will be the center of the arc ac. 

The line terminating the interior part of the parapet, is traced 
by deſcribing an arc from 5, with an interval a6 ES. 3 toiſes, 
the thicknefs neceſſary for the parapet. 

The banquette is to have the ſame breadth as that of the parapet 
of the other tenails, and its terreplein is to be about 6 toiſes. 


REMARK 
The interſection of this perpendicular line a 6, with the cur- 
tain produced, may be taken for the center of the arc ac, 


To trace the Caponiere. 


Fi0 +  ' FLATE XI 


Having raiſed, upon the middle of the curtain, the 
perpendicular AB, at the diſtance of 10 or 12 feet, 
draw on each fide of it the parallels CD and EF; 
and one end of theſe lines falling at 5 or 6 feet from 
the curtainF, and the other touching the counterſcarp, 
will terminate the interior part of the parapets: then 
at 10 or 12 toifes from CD and EF, draw the pa- 
rallels GH, KL; and theſe patallels will terminate 
the exterior part of the Pagers. 


_—_— 
”- nr F — * 


* Nr e Nr * 7 o 7 * 


f This diſtance of 5 or 6 feet between the caponiere and the curtain, 
ſerves for a communication with the ditch, 


+ | At 
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At 4, 5, or 6 feet from CD, draw a fine line; and 
another at the ſame diſtance from EF; and theſe lines 
will termingte the banquettes. 

That the ſoldiers may not be diſcovered as they come 
out of the caponiere, the re-entering angle of the 
counterſcarp is generally cut off by a line parallel to 
the curtain, as MN; which is done, according to 
ſome, by making BM and BN each 10 toiſes * and 
then drawing MN: the re-entering angle of the 
counterſcarp 1s ſometimes cut off in the form of a 
ſegment, ſee Fig. 3, and ſometimes alſo in the form 
of a triangle, ſee Fig. 2. 


R E M A R K. 


The terreplein of the caponiere is generally ſunk 
3 feet below the level of the ditch; and its parapets 
are to be, at leaſt, 6 feet high. The communication 
from the body of the place to the caponiere, is by 
means of a poſtern: this poſtern, or rather the vaulted 
paſſage, is repreſented by the dotted lines 1 and 2. 
Wherever there is a caponiere, a ſingle tenail is ge- 
nerally recommended, the parapet of which has the 
ſame inſenſible ſlope, as the parapets of the enen 
dee T and 8, Fig. 1. Plate I. 


Fig. 5. Plate XIII. repreſents the _— of the ca- 
poniere taken i in its breadth. 


— nt. 


mY —_ —_— 
— — 
C MERE 8 - 2 * — — 
— con. Act ——— 


„That part of the re-entering angle between the exterior and interior fide 
| of the polygon, being much expoſed from the lodgment made in the co- 
vert way, ſhould at leaſt be cut off, ſee Fig. 1. when the ditch is wet, it 
will be more adyantageous to have the re- entering angle of the counterſcarp 
eut in the form of a ſegment or triangle, which will ſerye as an harbour 
for the boats employed to ſecure the communication, 


3 | To 
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| To trace the Half Moon, 


F460 PLATE XY. 


Having prolonged the perpendicular LR upon the 
faces AB and EF, that is, from B to Q, and from 
E to S, meaſure 5 or 6 toiſes; from C and D, with 
the interval CS, or DQ, deſcribe two arcs to inter- 
ſet each other in T; then draw the lines T Q and 
T 8, which interſect the counterſcarp at a and 5; and 
Ta and T, which terminate at the counterfcarp, 
and are parts of the lines T Q and TS, will re- 
preſent the faces of the half-moon, 


Mr. Vauban, inſtead of directing the faces of the half-moon 
upon the faces of the baſtions at 5 or 6 toiſes from the ſhoulders, 
directs them to fall upon the angles of the ſhoulders : by this con- 
ſtruction, - the parts of the faces of the baſtion raken in by the 
faces of the half-moons, and the counterſcarp of its ditch pro- 
longed, which ſerve as flanks, cannot defend in their whole length 
the ditch of the half moon, becauſe between 3 or 4 toiſes of that 
ſpace 1s taken up for the parapet of the flanks. 

The direction of the faces of the half moon will be more ad- 
vantageous, when it is 10 or 12 toiſes from the ſhoulders, as it 
then more effectually covers the flanks and tenails. 


The lines R, and 5 R, are the ſemi-gorges; 
and the line RT, extending from the re- entering 
angle of the counterſcarp to the faliant angle TN 
the capital of the half-moon. | 

The parapet and banquette are the ſame ag thoſe of 
the 2 5 of the place. The terreplein is 4 toiſes 


H 4 broad, 
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broad, and the nee talus of its * is 2 
toiſes “. 


The ditch of the balf. moon is from 10 to 12 toiſes 


broad, and its counterſcarp is drawn parallel to the 
faces of the half- moon, till it joins the counterſcarp 
of the great ditch. At the ſaliant angle T, it is made 
circular, as is practiſed before the flanked angle of 
the baſtion. 

The re entering angle of the counterſcarp, as has 
already been obſerved, is ſometimes cut off by a line 


parallel to the curtain ; but more commonly in the - 


farm of a ſegment, or in the form of a triangle. 


Fig. 6. Plate XIII. repreſents the profile of the 


half-moon, taken according to the direction of the 
line c 4, 


e 238 


The half-moon is. not uncommonly traced as fol- 


lows : ſee Fig. 3. Plate XIV. Upon the middle of 


the curtain raiſe a perpendicular, and upon this per- 


pendicular, that is, from L to M, ſet off the diſ- 


tance AP or BO: then from the point M draw 
the lines MO, and MP; and IM and MN, which 
terminate at the counterſcarp, and are parts of the 
lines MO and MP, will be the faces : the lines 
IS, NS, are the ſemi-gorges, and MS is the capital. 
By this conſtruction the capital having greater ex- 
tent, the half- moon will conſequently have more pro- 
jection, or be more ſaliant; and, as it is ſuppoſed 
that, in proportion as that advantage is pruned, it is 


FO Eg 


—_ —_ — 


— 
1 — 


This ER the height of the rampart of the 9 to TA - 
doiſes, and the lope the ſame as that of common earth. 


more 
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more difficult for the enemy to make a lodgment in 
the covert-way, it follows, that the half- moon ſhould 
have the greateſt poſſible projection. 

By the firſt conſtruction, the capital of the half- 
moon belonging to a ſquare?*, will be about 5o toiſes ; 
that to a pentagon, about 46 toiſes; and that to an 
hexagon, about 43 toiſes, 

By the ſecond conſtruction the capital of the half. 
moon belonging to a ſquare, will be about 60 toiſes; 
that to a pentagon, about 55 toiſes; and that to an 
hexagon, about 50 toiſes F. 

The capital of the half- moon will have the utmoſt 
extent, that is, the half-moon will be conſidered as 
having the greateſt projection, when the ſummit 
4 of the ſaliant angle is the interſection of two 
arcs, deſcribed from O and P with the interval OP; 
as then it is an angle of 60 degrees, the leaſt to have 
ſufficient ſtrength. 

The capital of the half-moon will hive the leaſt 
extent, that is, the half- moon will be conſidered 
as having the leaſt projection, when the ſummit 
n of the ſaliant angle is the diſtance Oz or P, the 
half of OP ſet off upon the perpendicular L. M, 


that is, from # to m; as then it is an angle of 90 


degrees, the greateſt that can be admitted without too 
much expoſure of the faces. Hence any point be- 


ems, 


— 


V This ſuppoſes the magiſtral traced after Mr. Vauban's conſtruction, and 
the breadth of the ditch at the flanked angles to be 20 toiſes. 
+ 50 Toiſes is not uncommonly recommended for the extent of the 


capital of the half-moon, — belonging to a ſquare, a pentagon, 
or an hexagon. 
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tween d and n, may be taken for the ſummit of the 
flanked angle of the half-moon, | 
Jo trace the Half-moon with Flanks *. 
F1G.4 PLATE .XxIV. 


The half-moon being traced as before, upon the 
faces ab and bc, that is, from a to d, and from 
eto f, meaſure 10 toiſes ; and upon the counter- 


ſcarp, that is, from @ to g, and from c to h, mea- 
ſure 7 toiſes ; then join dg and 7% by right lines, 


and dg and fh will repreſent the flanks +: the 
lines bd and bf, which are parts of ab and bc, will 


. repreſent the faces. 


The parapet, banquette, and terreplein, are to have 
the ſame breadth at the flanks, as at the faces, 


00 


The ſecond half- moon as V, Fig. 1. Plate I. com- 
monly called reduit, which is raiſed to ſerve as a re- 
treat for the ſoldiers who defend the half- moon, has 
for capital from 15 to 25 toiſes. The parapet of the 
reduit is generally a ſtone or brick wall, of a foot and 
a half thick, with ſeveral loop holes for the muſketry 
to fire through, and is drawn parallel to the parapet 
of the half-moon 4: its ditch is from 4 to 6 toiſes 
broad. 


—_— 


„„—— 


* For the objections againſt the half- moon with flanks, ſee page 35. 
+ The flanks are not uncommonly traced by making ad and c f, each 
about 10 toiſes, and then drawing dg and fb parallel to the capital of the 

half- moon. | 8 
t The half: moon having flanks, the reduit has flanks alſo, T 
0 
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To trace the Counterguard, 
FIG „ PLATE . 


Upon the counterſcarp of the adjoining half- 


moons I, take for CD and EF from 12 to 16 - 


toiſes; from C and F, draw the lines CG and 
G F parallel to the faces of the baſtion X; and the 
interſection of the lines CG and GF will form 
the ſaliant angle of the counterguard : the lines C G 
and G F repreſent the faces. 

The rampart, parapet, and ditch, are drawn parallel 
to the faces. The terreplein has the fame breadth 
as the parapet, that is, 3 toifes*; and the interior 
talus of its rampart is 2 toiſes : the ditch has the 
- ſame breadth as that of the half-moon, 

Fig. 7. Plate XIII. repreſents the profile of the 
counterguard, taken according to the direction of the 
line y 2, 


1 


In the hexagon and upwards, it will be advanta- 
geous for the faces of the counterguard to form a 
ſaliant angle, ſomewhat more acute than the flanked 
angle of the baſtion : by this conſtruction the faces 
of the half-moons and counterguards, which ſerve to 


1 94—k»——̃ 


» 


* The terreplein has this narrow breadth, that the enemy may not find 
room to cover and erect batteries, to deſtroy the oppoſite flauks of the 
baſtion before which the counterguard is raiſed. 

+ This ſuppoſes the height of the rampart to be 12 feet, and the ſlope 
the ſame as that of common earth. 
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flank each other, having a nearer perpendicular direc. 


tion, will have a more direct defence. 

The counterguard had formerly flanks ; but they 
were aboliſhed, becauſe the beſiegers, when maſters of 
this work, were enabled from thenoe to batter the 
half-moons &. 


To trace Lunettes. 


JW 


Upon the middle of the faces of the half: moon 


Y, raiſe the perpendicular ab; upon the middle of 
the faces 1 and 2, of the baſtions V and W, raiſe a 
perpendicular alſo; and the interſection & of theſe 
perpendiculars +, will be the ſummit of the ſaliant 
angle of the lunettes: the lines hc, which terminate 
at the counterſcarp of the half-moon Y, and are 
parts of the perpendicular 4b, will repreſent the 
leſſer faces; and the lines 5 d, which terminate at the 
counterſcarp of the great ditch, will repreſent the 
greater faces, 

The rampart, parapet, and ditch, are drawn paral- 
lel to the faces bc and bd: the terreplein, which is 
at leaſt 3 feet lower than that of the half-moon, has 
the ſame breadth as the parapet, that is, 3 toiſes: 


— 


* 


* The works introduced in Mr. Vauban's ſecond and third ſyſtems, and 
commonly called counterguards, have, however flanks; and ſo far from 
being diſadvantageous, they are abſolutely neceſſary. Theſe counterguards 
are more properly called detached baſtions. 
+ This perpendicular direction is given, to obtain a direct defence for 
the faces and ditch of the Juncttes, 
the 


the 
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the ditch has, in general, the ſame breadth as that of 
the half-moon. 


KEMAL * 


The direction of the faces of the lunettes, is not 


always with the middle of the faces of the half- moon, 


and the middle of the faces of the baſtions, but ſome- 
times with a point, nearer or further off the ſummit 


of the ſaliant angle of the half. moon, and the ſummit 


of the flanked angle of the baſtions. 

This direction, which, to obtain direct defence, 
always ought to be as perpendicular as poſſible with 
the faces of the half. moon and the faces of the baſ- 
tions, ſhould, however, never cover ſo much of theſe 
faces, as not to leave enough uncovered to flank the 


faces, the ditch, and even the covert-way of the lu- 


nettes: neither ſhould it cover leſs than 10 toiſes of 
the faces of the half-moon, and the faces of the baſ- 
tions. The advocates for the ſmaller lunettes, give 
them ſemi-gorges even from 12 to 15 toiſes. Theſe 


ſmall works, which are more properly called re- 
trenched places of arms, have in general no rampart ; 


that is, their terreplein is level with the horizon: the 


ditch is about 6 toiſes broad. See H, Fig. 1. Plate III. 


KK E MM A K K. 


To increaſe the defence and to cover the ſaliant 
angle of the half-moon, it is cuſtomary to join to the 
lunettes another work, called by ſome, counterguard, 


and by others, bonnet : this work is traced as follows. 
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To trace the Countetguard over the Half-moon. 
PIG. „ an 


Upon the counterſcarp of the leffer faces of the 
lunettes, that is, from F to g and from h to i, meaſure 7 
or 8 toiſes; from g and i, draw the lines g & and 14, 
parallel to the faces of the half-moon V; and the 
interſection of theſe lines will form the ſaliant angle: 
the lines i and g repreſent the faces. 


The rampart, parapet, and ditch, are drawn parallel 


to the faces. The terreplein, which is lower than 
that of the half-moon, has the ſame breadth as the 
parapet, that is, 3 toiſes : the ditch has not in general 
the ſame breadth as that of the half-moon, but has 
from 6 to 8 toifes: 


The narrow breadth of 7 or 8 toiſes for the coun- 
terguard, and of 6 or 8 toiſes for the breadth of its 
ditch, is taken to enable that part of the leſſer 
faces of the lunettes, that remains uncovered, to 
flank the faces, ditch, and even the covert-way of 
this counterguard. 


To 
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To trace Tenaillons. 


FIG „ PLATE Il 


| The half-moon U and its ditch being traced, pro- 
| long the faces 3 and 4 of this half-moon indefinitely 
| beyond its counterſcarp; then from K to L ſet off 
30 toiſes, and from M to N ſet off 15 toiſes: then 
join LN; and KL will repreſent the lefler faces, 
and L N the greater faces. 

1 The rampart, parapet, and ditch, which are drawn 
1 parallel to the faces, are the ſame as thoſe of the 
e lunettes. | 

| Retrenchments are commonly made in the tenail- 
$ lons, ſuch as O: their parapets, which biſect the faces 


L N, are commonly made parallel to the fronts or 


leſſer faces, though it is more advantageous to make 


them perpendicular to the greater faces: and the ditch 


before this retrenchment, has the ſame breadth as the 


j- parapet, that is, 3 toiſes. 

ts Mr. Bombelles recommends a retired part or bat- 
er tery to be made in the leſſer face of the tenaillons, 
0 


ſuch as 7; this battery is 10 toiſes from the leſſer 


of faces to which it is Parallel, and about 15 toiſes 
We. 
0 
Though the half. moon is ſuppoſed to be of greater 
T's advantage, in proportion as its capital has more ex- 


tent, yet, when 1t is to be covered with tenaillons, 
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that advantage muſt be relinquiſhed ; becauſe the 
ſaliant angle of the tenaillons, in conſequence of that 
greater extent of capital, becomes more and more 
acute; and, when the greateſt extent is given to the 
capital of the half-moon, the ſaliant angle of the 
tenaillons is even rendered ſo very acute, as not to be 
of ſufficient ſtrength: the conſtruction of tenaillons re- 
quires the ſaliant angle of the half- moon to be about 
9o degrees. | | 

The two methods of tracing half-moons already 
given, have not ſuch an extent of capital as to render 


the ſaliant angle, of the tenaillons too acute. Indeed, 
when the half moon is traced as directed in page 103, 


it will even admit the ſetting off, from M to N, 10 
or 12 toiſes inſtead of 15 toiſes; that is, it will 
admit the ſaliant angle of the tenaillons, to be 


ſomewhat more acute. This change is rather an 
improvement, as the greater faces of the lunettes 


will have a nearer perpendicular direction with the 
faces of the baſtions, and conſequently obtain a more 
direct defence. — | 
The ſmall half moon 8, ufually added to the 
tenaillon to cover the ſaliant angle of the half-moon, 
has for ſemi-gorges 10 toiſes, and for faces about 12 


toiſes ; that is, theſe faces are to be as nearly perpen- 


dicular to the leſſer faces of the lunettes as poſſible. 
This ſmall work has in general no rampart, that is, 
its terreplein is level with the 'horizon : the ditch 1s 
from 5 to 6 toiſes broad. ; 
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Of the Horn Work. 
ro trace the Horn Work before a Curtain. 


4 G. „% r 


To trace the horn work A, produce the capital of 
the half. moon P beyond its ſaliant angle, at a dif- 


tance of 120 to 140 toiſes taken from the re- 
entring angle of the counterſcarp; that is, take 


for mQ_ from 120 to 140 toiſes *, and at the point 
Q, raiſe, upon m Q the perpendicular RS prolonged 
on either fide of the point Q; upon this per- 
pendicular ſet off from 100 to 140 toiſes}, that 


is, make QR and Qs from 5o to 70 toiſes each. 


— * ud 


8 1 " 
kd _ * 


A greater length for C than 140 toiſes, would not bring the 
flanked parts within muſket ſhot of their flanking parts; that is, the wings. 
Rr and 83, would not be within muſket ſhot of their flanking parts, the 


faces n and g of the baſtions 9 and 10: by taking for m Q 140 toiſes, 
the diſtance between the flanked angles of the half baſtions, and the faces 


n and q, is already between 140 and 150. toiſes. 


A leſs length for mQ than 100 1 would not make this work 
ſufficiently ſpacious. 

+ Though it is generally admitted, that the greater the exterior fide is, 
the ſtronger will be the front, provided the line of defence is within 
muſket ſhot; yer a much greater length than 140 toiſes being aſſigned to 


RS, the wings will fall too obliquely upon the faces of the baſtions that 


are to defend them. 
A leſs length than 100 toiſes is but ſeldom aſſigned to RS, as it will not 
raake that work ſufficiently ſpacious, nor its front of great defence. 


I From 


1 
6 
I 
1 
F 


From R and 8, in a direction with the middle of 
the faces 1 and g of the baſtions 9 and 10, draw the 
lines Ru and 89; and Rr and Ss*, which ter- 
minate at the counterſcarp of the great ditch, and 
are parts of the lines R and S 4, will repreſent the 
wings or branches of the horn work A: the line RS, 
repreſents the exterior fide. | 

Upon this exterior fide RS, trace after Mr. Vau- 
ban's method the magiſtral line of an hexagon ; that 
is, give to the perpendicular the + part of the interior 


fide R S, and for the faces take the. 3 3 Parts of this 


exterior fide . 
1 he rampart, parapet, and ditch, are mak the 
fame as thoſe of the half-moon before the curtain of 


the place ; that 1 is, the parapet is cannon proof, and 


the terreplein is 4 toiſes broad. 


K — . FU PII 8 8 WW a 1 Ow” —_ ad it — 2 es 


8 _— 1 88 


* The wings are not uncommonly directed upon the faces of the baſtions 
at .5 or 6 toiſes from the ſhoulders ; but this conſtruction, beſides making 


the flanked angles of the half baſtions more acute, and covering the flanks 


lefs, does not obtain ſo direct a defence for its wings. 


The wings are ſometimes drawn parallel to each other; they are parallel 
at Tournay, Saar Louis, and Metz. When the wings are drawn nearer to 
each other, towards the place, than they are at the front, the work is 


diſtinguiſhed by the name of horn work with a fwallow's tail, and it is of 


this form at Huningue : when the contrary, as in this inſtance, it is diſ- 


tinguiſhed by the name of a horn work with a ſwallow's tail reverſed. | 


+ Some to fave expence recommend tracing the magiſtral upon this e- 


terior ſide RS, after Mr. Vauban's method for a pentagon, and even for a 


ſquare ; but theſe conſtructions having ls defence cannot be ſo advan- 


tageous. 
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The ditch of the front at che flanked angles, is 


from 10 to 12 toiſes broad, and terminates at the in- 
terior meeting of the parapets of its faces and 
flanks: the ditch of the wings is alſo from 10 to 


12 toiſes broad, and is traced parallel to theſe. 


The half-moon uſually raifed before the curtain of 
this work, to cover its flanks and curtain, is traced 


as directed in page 103; and the ditch which wy” 
rons it, is from 6 to 8 toiſes broae. 


1 M A R K. 


By this eonſtruction, there is not the leaſt part in 
the circumference of the horn work, but what is 
flanked by ſome other part; for the front RS defends 
itſelf; and the wings Rr and'Ss, are "flanked by the 


faces # and q of the baſtions 9 and 10. 
The parts flanked are within muſket ſhot of their 


flanking parts; that is, the wings Rr and 8 5, which 


receive their defence from the faces and 9, are 
within 1 50 toiſes* from thoſe faces. | 


The flanked angles R and 8 exceed 60 Ts ; 


that is, they have ſufficient ſtrength. 
The wings have as perpendicular a direction as 


poſſible, with the faces » and g of the baſtions which 


are to flank them: a much nearer perpendicular di- 
rection in this inſtance, would cover ſo much of the 


faces # and q, as not to leave enough of theſe un- 
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For the lines Rn or $9 meaſure in this inſtance about 145 toiſes. 
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covered to flank the wings, their difch, and the whole 
breadth of the coyert-way.. 
To render the horn work of greater defence, re- 
trenchments are made within it, as T. To trace theſe, 
upon the middle of each face of the half. moon P, 
raiſe a perpendicular to meet the wings; and the part 
of theſe lines between the counterſcarp of the half- 


moon, and the wings, will repreſent the exterior fides 
of the retrenchments : theſe retrenchments have a. 


rampart and parapet of the ſame dimenſions as the 


horn work; and their ditch which is dry, and has a 


row of paliſadoes placed in the middle to impede the 
progreſs of the enemy, is from 4 to 6 toiſes broad. 
To increaſe the defence of the inward ſpace of the 
horn work, a covert way and glacis are ſometimes 
made to run parallel to the counterſcarp of the re- 
trenchments T, and to that of the half. moon P *. 


To trace the Horn Work before a Baſtion. 


The capital of the baſtion, before which the horn 
work is to be traced, being produced at a diſtance 


of 100 to 120 toiſes meaſured from the flanked 


angle of this baſtion; at the extremity of this capi- 
tal, raiſe a perpendicular, which prolong on either fide 
of this extremity, and to which give from 120 to 140 
toiſes; then upon this perpendicular trace the magiſtral 
of an hexagon, after Mr. Vauban's method; and termi- 


— 


* The inward ſpace of one of the horn works of Lifle, is defended by 
2 covert way and glacis, and fo is the inward ſpace of a horn work at 
Metz. : 


nate 


len 
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nate the wings upon and about the middle of the 
faces of the collateral balf-moons : the reſt is traced 
in the ſame manner, as this work f 1s traced before the 
curtain, 2 

The wings of the horn work are ſometimes directed 
upon the faces of the baſtion; that is, the wings are 


flanked by the faces of the baſtion before which the 


horn work is raiſed: this conſtruction makes the 
flanked angles of the half baſtions- very acute, and 
obtains only a very oblique defence for the wings. 


The wings are alſo ſometimes directed upon the ad- 
joining curtains of the baſtion, before which this work 


is raiſed z that is, the wings are flanked by theſe cur- 
tains: but this conſtruction does not allow a ſufficient 
projection for this work; that is, the front of it can- 
not extend far enough in the field, becauſe the flanked 
angles of the half baſtions muſt be within muſket 
ſnot of the curtains, which are their flanking parts. 


RE MA: 
In the conſtruction of the horn work, the fol- 
lowing directions, which are of great pore, 


- muſt be obſerved. 


1. To make the work ſpacious : this f is done by 


making the exterior fide RS, and the e . 


as long as poſſible. 


Ir, Vauban knowing this work to ko advantageous 3 in proportion 
as it was ſpacious, and its wings were well defended, the more effec- 


tually to obtain theſe ends, allowed the exterior fide of the front, 


before which he intended a horn work, to exceed the advantageous 
length of 180 toiſes, At Huningue the exterior ſide of the front, 
T4 | before 
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before which there is a EN work, has 200 toiſes, whilſt the 
remaining 4 ſides have but 160 toiſes; and at Saar Louis, the 
Exterior ſide of the front along the river Saar exceeds even 200 


' toiſes, de the 5 remaining ſides have but 180 toiſes. 


2. The flanked angles R and S of the half. baſ. 
tions, muſt never be leſs than 60 degrees: when 
they meaſure leſs than 60 degrees, the exterior ſide 
muſt be taken ſhorter; or the wings, when this work 


1s raiſed before a curtain, muſt be directed more to- 


wards the flanked angles of the baſtions, from whence 


they are to receive their defence; and when raiſed, 


before a baſtion, the wings muſt be directed more 
towards the ſaliant angle of the collateral half- moons. 
In tracing the magiſtral, after Mr. Vauban's me- 
thod for a ſquare, and even for a pentagon, the flanked 
angles R and S become leſs acute, 

3. The wings muſt have as perpendicular a Bw 
tion as poſſible with their flanking parts, to obtain 
dire& defence : this cannot be too ſtrictly obſerved. 

4. The wings muſt not cover ſo much of the parts 
which are to flank them „ as not to leave enough 
of thaſe parts uncovered to flank the wings, their 
ditch, and even their covert-way. 


The prevailing opinion is, that the horn work is more advan- 
| tageous when raiſed before a curtain, than before a baſtion ; how- 
ever, when raiſed before a baſtion, every part within it, may be 
ſeen, and enfiladed, from the body of the place ; whereas when it 


3s raiſed before a curtain, its wings ſerve as epaylements againſt 
the fire of the neighbouring works, 


Of 


: 
t 
b 


"ELEMENTS OF FORTIFICATION. 179 


Of the Crown Work.* 
To trace the Crown Work before a Curtain. 
F I G. 1. PLATE 1. 


To trace the crown work B, prolong indefinitely 
towards the field the capital of the half-moon ?; and 
from the point 2, the ſummit of the re-entring angle of 
the counterſcarp, as center, with an interval of 140 


to 160 toiſes, deſcribe the indefinite arc v, which 


will be interſected at t the point w by the capital pro- 
longed. 

Then from the point as center, and with an 
interval of 120 to 140 toiſes, interſe& the indefinite 
arc at the two points v and x, and draw the right 


lines vw and wx; and theſe lines will repreſent the 


exterior ſides of the crown work, the magiſtral of 
which trace in the lacs mannet as that of the horn 
work. 

Then draw the wings in a direction with the 
middle of the faces, 11 and 12, of the baſtions W 
and &c. | 

The half-moons 13 and 14 raiſed before each front 
of this work, and the rampart, parapet, and ditch, 
are the ſame as thoſe of the horn work. 


W A 
* 


* The erown work is called, by the Germans, double horn work. 
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R E M A R K. 


By this conſtruction, there is not the leaſt part in 
the circumference- of the crown work, but what is 
flanked by ſome other part; for the two fronts de- 
fend themſelves, and the wings are flanked by the 
faces, 11 and 12, of the baſtions W and &c. : 

The parts flanked, are within muſket ſhot of their 
flanking parts; that is, the wings which receive their 


defence from the faces 11 and 12, are within 1 50 toiſes 


from thoſe faces. 


The flanked angles v and x of the half baſtion, 


have ſufficient ſtrength ; for they exceed 60 degrees. 
The wings have as perpendicular a direction as poſ. 
ſible, with the faces 11 and 12 of the baſtions W and 
Kc, which flank them: a much nearer perpendicular 
direction in this inſtance would cover ſo much of the 
faces 11 and 12, as not to leave enough of theſe un- 
covered to flank the wings, their ditch, and the 
covert-way. 


The crown work is retrenched, much after the ſame 
method as the horn work, 


To trace the Crown Wark before a Baſtion, 


Having prolonged the capital of the baſtion, be- 
fore which the crown work is to be traced, 120, 1 30, 
or 140 toiſes; from the flanked angle of this baſ- 
tion taken as center, deſcribe an indefinite arc with 

the 
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the interval of 120, 130, or 140 toiſes, to interſect 
the capital prolonged: then on each ſide of this point 
of interſection, with an interval of 120 or 140 toiſes, 
deſcribe an arc ; and the interſection of theſe ſeparate 
arcs, with the indefinite arc, will be the ſummit of 
the flanked angles of the half baſtions : the right lines 
drawn from the ſummits of theſe angles to the extre- 
mity of the 2 prolonged, repreſent the exterior 
ſides. ä | 

The two exterior ſides are fortified in the ſame 
manner, as when this work is raiſed before a cur- 
tain; and the wings are directed upon the faces of 
the baſtions, though ir is more advantageous to 
direct them upon the faces of the e half- 
moons, . and near the middle * 


* k M 4 1 K 


In the conſtruction of the crown work, the fal- 
lowing directions, which are the ſame that have been 
given for the horn work, muſt be obſerved : 
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1. To make the work ſpacious: this is 405. by ll 

making the exterior ſides v w and wx, and the ra- i 

6 : 7 „ 

dius à , as long as poſſible. | 1 

To render this work more ſpacious, more projection may be | 5 

given to the whole baſtion, than to the two half baſtions; that is, | 9 

- * This laſt conſtruction, beſides- increaſing the inward ſpace, would allow | ji a 

a greater projection for the crown work, and a greater extent for its fronts. Oh 

. An engineer of great eminence recommends the wings of this work, | 
when raiſed before a baſtion, to be directed to the flanked angle of its col- 
1 lateral half-moons, and to give to the exterior ſides the advantageous length 

R of 180 toiſes. 


the 
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the . ſummits of the flanked angles of the half baſtions may be 
taken upon the indefinite arc, whilſt that of the flanked angle of 
the whole baſtion is taken beyond it. 

The flanked angle of the whole baſtion is conſidered as having 
the leaſt admiſſible projection, when its ſummit is taken upon the 


indefinite arc: a leſs projection, by making this angle more oh- 


tuſe, would greatly expoſe the faces of the whole baſtion. 

The flanked angle of the whole baſtion is conſidered as having 
the greateſt admiſſible projection, when it is the diſtance ev or 
ex, the half of «x, ſet off from „to 15 upon the capital « « 
prolonged : a greater projection would render the flanked angle of 
this baſtion too acute, to have ſufficient ſtrength. 


. 
When the greateſt projection, or nearly chat, is given to the 
whole baſtion, it will be neceſſary to trace the magiſtral even 
-after Mr. Vauban's method for a ſquare, that the flanked an- 
gle of this baſtion may not be too acute: when the point 16,* 
or nearly, is taken for the ſummit of the flanked angle of the 
whole baſtion, it will even be neceſſary to trace the magiſtral after 


Mr. Vauban's method for a pentagon, that this flanked angle alſo 
may not be too acute. | 


2. The flanked angles of the half baſtions muſt 
-never be leſs than 60 degrees : when they meaſure leſs 
than 60 degrees, the exterior ſides muſt be taken 
ſhorter ; or the wings, when this work is raiſed before 
a curtain, muſt be directed more towards the flanked 
angles of the baſtions, from whence they are to re- 
ceive their defence; and when raiſed before a baſ⸗ 
tion, the wings muſt be directed to fall upon the 
faces of the collateral half-moons, and if neceſſary 
even at their flanked angle. 


* — 1 
88 


* The point 16 biſects the line w 17. 1 ERS 
3 3. The 


tic 
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3. The wings muſt have as perpendicular a direc- 
tion as poſſible with their flanking parts. 
4. The wings muſt not cover ſo much of the parts 


which are to flank them, as not to leave enough of 


thoſe parts uncovered to flank the wings, their ditch, 
and even their covert- way. 


The utility of the hern and crown works, and the advantages ſup- 
poſed to be derived from them, have been already mentioned: for 
various reaſons, however, theſe works have not been univerſally 
adopted ; and the major part of thoſe that have adopted them 
have been led to it, not ſo much it ſeems from an experience of 
their alledged importance, as from an implicit veneration for rhe 
opinion of Mr. Vauban, who, it muſt be owned, raiſed them very 
profuſely, as may be ſeen at Tournay, Ipres, and other places, 
and placed them ſo near each other, as to induce a belief, that he 
rather intended to terrify an enemy by their number, than to add 
to the ſtrength of the place. 


REM AR K. 


After the ſeveral outworks that ſurround the body 
of the place, are traced, the covert-way and glacis 
are made to environ the whole ; that 1s, they are made 
parallel to the counterſcarp of the ditches of the moſt 
exterior out- works. For the conſtruction of the 
covert · way and glacis, fee the directions given in page 
78, 79, 80 and 81. 
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$-'E C 1 TY VIII. 


Of Advanced or Detached Works. 


Every work raiſed beyond the covert-way and gla- 
cis, is diſtinguiſhed by the name of advanced or de- 
tathed work. 1 25 

The uſe of theſe works is to increaſe the defence 
of the covert-way, and to keep the enemy at a diſ- 
tance from the body of the place, as long as poſſi- 
ble. The moſt common detached works are the 
fleche or arrow, the lunette, and the redout. 


Of the Fleche, or Arrow. 


F 1-0. FL ATE T1, 


The work « raiſed at the ſaliant and re- entring 
angles of the glacis, is called fleche or arrow *. It 
conſiſts only of a parapet and ditch, made parallel 
to the ſides of the glacis: the length of the pa- 
rapet is from 20 to 40 toiſes, that is, each fide ar 
face, is from 10 to 20 toiſes long; it is 3 toiſes 
thick, and at leaſt 6 feet high, with one or more 
beer, 


* . B _— — — 


* This work, which oclongs to field-fortification, is never raiſed but 
when the place is threatened with a ſiege, and is conſidered as the ſimpleſt 
of all the field works. It's uſe is to cover the quarter guards of a camp, or 
advanced poſt; and in that caſe its parapet is only from 6 to 9 feet thick. 


The 
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The ditch is from 4 to 6 toiſes broad, and ter- 
minates at both ends in an inſenſible flope : this flope 
is given, to enable the branches of the covert-way, 

which are to flank this work, to ſee the ditch in its 
whole extent. | 

The communication from the covert-way into the 
fleche, is by a trench cut in the glacis, 3 or 4 toiſes 


broad; the entrance of the covert-way is ſecured by a 


ſtrong barrier; and, to prevent enfilading, it is 


covered by a traverſe “ 3 toiſes thick, and as long as 


the trench is broad. For the purpoſe of paſſing and 
repaſſing, the paſſage round the traverſe, which is cut 


in the glacis, is from 6 to 8 feet broad. 


. 


Of the Lunette. 


%% AH S&SFE £ 


The work v, which is raiſed at ſome diftance from 
the ſaliant and re-entring angles of the glacis, is called 
lunette. It is of the ſame form as the fleche; and, 
like that, conſiſts. in general only of a parapet and 
ditch : the length of the parapet is from 30 to 60 
toiſes, that is, each face is from 15 to 30 toiſes long: 
the thickneſs and height are the ſame as that of: the 
fleche. 

The faces of the lunette, to obtain direct a 
have a perpendicular direction with the branches of 
the covert- way, which are to flank them ; and the 
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* The 3 call this traverſe, renders. 
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ditch, which is parallel to the faces, is from g to 10 
toiſes broad, and, like that of the fleche, terminates 
at both ends in an inſenſible ſlope. 

The communication from the covert- way into the 
lunette, is by a caponiere: the entrance into the co- 
vert - way, is ſecured by a ſtrong barrier; and, to pre- 
vent enfilading, it is alſo covered by a traverſe: when 
the paſſage is long, it is interſperſed with one or more 
additional traverſes. 0 


The lunette is more advantageouſly placed before 
the re-entring angles of the glacis, than before the ſa- 
liant angles, becauſe it is leſs expoſed to be taken by 
the gorge. When placed before the re-entring 
angles, the beſiegers are much incommoded in their 


attempts upon the ſaliant angles, which are in general | 


the firſt point of attack. 
In the conſtruction of the lunette, the following 
directions muſt be obſerved. 


1. The diſtance between the covert-way and this 


work, muſt not exceed muſket ſhot ; that is, the 
flanked parts muſt be within muſket ſhot of their 
flanking parts. 

2. The flanked angle muſt never be leſs than 60 


2 
3. The heck muſt have as perpendicular a direction 


as poſſible with the branches of the covert way, which 


are to flank them, ; 
4. The 
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4. The faces muſt not cover ſo much of the 
branches of the covert-way which are to flank them, 
as not to leave enough of the branches uncovered 
to flank the faces, and alſo their ditch in its . 
ene 


| Of the Redout. 


The work 20, which is alſo raiſed at ſome dif- ; 
tance from the ſaliant and re-entring angles of the 
glacis, is called redout . Its form is like that of an 
half-moon with flanks, or rather of a detached baſ- 
tion +; and it conſiſts in general only of a parapet of 
earth Þ and a ditch. | 

The length of the faces is from 1 5 to 35 toiſes 
that of the flanks, which are perpendicular upon the 
gorge, is from 8 to 12 toiſes; and the extent. of 
the gorge, which is a right line, is from 20 to. 40 
toiſes. | 


— 


8 8888 IT 


dad. th. n 
A; — * — 
- 2 


* The term redout is not uncommonly uſed to ſignify any detached work. 

+ The redout has no preciſe or determined form, but is fometimes 'a-: 
ſquare, a rhombus, a trapezium, a trapezoid, or any other form, which 
is determined by the ſpot of ground on which it is to be raiſed : when 
raiſed at ſome diſtance from the ſaliant and re-entring angles of the glacis, 
that of an half-moon with flanks is ia general the form moſt approved of. 

The redout has ſometimes a low rampart: it is ſometimes. of maſonry, 
and ſometimes even vaulted and bomb proof, in which caſe it is called 


caſemated redout. At Luxembourg, ſome of the advanced ours are 
raulted and bomb on. 


my 
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The ditch which is made oppoſite and parallel only 


to the faces, to prevent giving ſhelter to the enemy, is 


from 4 to 10 toiſes broad; and, like that of the fleche 


and lunette, terminates at both ends in an inſenſible 


. its depth at the flanked angle is from 6 to 9 

. lntrenſs the defence, there is commonly a 
covert-way and glacis beyond the ditch; and, when 
ſeveral fronts are covered by redouts, the covert-way 


and glacis of theſe are united into one, and denomi- 
nated advanced or ſecond covert way and glacis +. See 


Fig. 1. Plate XV. 
The communication between th covert · way and 
che redout, is much the ſame as that of the lunette g;. 


RE M A K. 

In the conſtruction of redouts, the following direc- 
tions, which are the ſame that have been given for the 
lunnette, are to be obſcrved : 

1. The diſtance between the covert way and this 
work, muſt not exceed muſket ſhot; that is, the 


flanked parts muſt be within muſket ſhot of their 
fanking parts. 


2 . 21 * ** n 8 A. 4 ** n 8 
— 92 
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* This ſuppoſes a ary ditch : EVR it is a wet ditch, it is not only oppo- 
ſite and parallel to the faces, but alſo to the flanks and even tothe gorge. 
+ Several fronts at Landau and Luxembourg are covered in this manner. 


+} The communication to redouts is ſometimes by a ſubterraneous paſſage. 


At Luxembourg, the communication to the caſcmated redouts is ſubter- 
raneous. ä 


Experience 
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© Experience. has often proved, that the diſtance between de- 

tached works and the covert-way, ſhould not exceed co toiſes; fot 

. when it is greater, the beſiegers carry their weten, round the 
work, and * enter * the gorge. 


2, The Aanked angle muſt never be leſs than 60 
degrees : when it meaſures leſs than 60 degrees, the 
faces muſt be taken ſhorter, or the gorge muſt be 
increaſed ®. : 

3. The faces muſt have as perpendicular a direc- 
tion, as poſſible, with the branches of the covert-way; 
which are to flank them. bi 

4. The faces muſt not cover fo much of the bran- 
ches of the covert-way which are to flank them, as 
not to leave enough of the branches uneovered ta 
flank the faces, and alſo their ditch. | 

The raifing detached works is in general recommended #, 
provided they have a fure and eaſy communication, and are ib 
contrived as not to obſtruct the fire from the covert-way, nor 
afford cover to the beſiegers: to deprive them of this advant- 
age, and diſhearten them the more, all detached works that will 
admit of it ſhould be countermined 3. 

M. de Saxe, inſtead of the detached works juſt deſcribed, re- il. 
commends railing towers of brick at about 2000 paces beyond the ex- fl 
terior outworks, and at 500 paces from each other, which he would | 

have environed mer? a conunned ditch, - He ſuppoſes, that * cons 


pn EI 


———_. _ 
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* To prevent the flanked angle being too acute, it wille be neceſſary. to 
obſerve, that the faces muſt be at leaſt equal to the gorge : when equal, 
they will form an angle of 60 degrees. 

+ This general adoption of detached works, has 3 place ever ſince 
the memorable defence of the covert-way of Luxemburg in 1634, when 
one of the redouts made a defence of five days: Mr. Goulon attributes 
that event to Mr. Vauban's manner of attacking that redout. 

4 Gountermines will be the ſubject of the next Section. 


K ſtruction 
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ſtruction of theſe towers is leſs expenſive than that of a horn work, or 
even of a baſtion; that they have the advantage of a greater defence 
than other advanced works; and that by increaſing the extent of 


the place, it obliges the . to n n it a Pe num- 
ber of men 2 uſual. 


* TEAS 
WO 


of the Advanced, or Second, Ditch, Covert- 


way, and Glacis. N 


18. » PLATE xv. 


When the ground is low and waeſhy; there is 


generally 4 ditch made parallel to the glacis of about 


10 or 12 toiſes broad, which is args enn 


fecond ditch. 181 ; 
A ſecond ditch is advantgeous buy hes ihe 
water cannot poſſibly be drained from it, - becauſe 
the difficulty of attacking the counterſcarp is then in- 
creaſed, and the place is leſs expoſed to furprizes. 


. prevent this ditch affording fhelter to the enemy, 


ſhould he even find means of draining its water, it 


ſhould be conſtructed fo as that its bottom may be the 


continuation of the glacis; that is, its greateſt depth 
ſhould be at the exterior fide : hence the profile of this 
ditch is a triangle, inſtead of the uſual (ores, which 1s 

a quadrilateral. ” 5 
To render the approaches to the place ſtilF more 
difficult, a covert-way and glacis are often made to 
environ the ſecond ditch : this ſeeond covert-way 
and glacis, though conſtructed much after the ſame 
marner as the firſt, are never raifed higher than the 
firſt, 


77. A FC Em TE 
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ürſt, but on the cotitrary are ſometimes one, two, or. 


10 feet lower. ; 


* * 1 * * K. 


Mr. vauban, who had always a high opinion of a 
ſecond ditch, covert- way, and glacis, never failed 
making them wherever he met with ſuitable ground: 
Huningue, Saar Louis, and the citadel of Lide, have 
a ſecond ditch, eovert- way, and glaeis. 

The only objection againſt the ſecond covert - way 


and glacis, is, that they require a numerous garriſon; 
and hence it is, that ſome reconimend & ſecond ditch, 


but, no ſecond covert-way and glacis : few, however, 
recommend a ſecond Mv er-way and glacis, n 
n a ſecond ann 4 
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Of the Cavalier and Retrenchments“. 


Of W Cavalier. El = 15 


FIG. PLATE i 


* 


ſaperior t to all the ek of a a \ fortreſs, 55 a J in 
the midſt of 2 large body « of: fo t. 1 1 is raiſed within 
the body of "he. place, hig! er. than the reſt. of t the 
works, for the purpoſe of commanding the environs. 
The height of the cavalier above the reſt of the 
works, depends on the nature of the ground about 
the place: it is generally from 6 to 15 feet. 

The moſt common fituation of the cavalier is 
within the baſtion, and made after the ſame form; 
that is, it is a ſecond baſtion raiſed within the firſt, 
as I. „ 

The faces and flanks of this cavalier are parallel 
to the faces and flanks of the baſtion, and diſtant 
from them 5 or 6 toiſes: hence, to obtain the magiſ- 
tral line of the cavalier, we are to draw a line pa- 


— 


* This ſection is a continuation of what has been already ſaid of thcic 
works, a deſeription of which was begun in page 19. 


rallel 
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Fallel ig the faces and flanks of the baſtion, and diſ- 


cant from them 5or 6 toiſes. 


KR E M A R K. 
With telpect to the fituation ind bor of this 


work, engineers are leſs agreed than of any other. 


For its ſituation, many recommend the gorge, that 


it may not prevent the making retrenchments in the 


baſtion, which they deem eſſentially neceſſary: ſome 
recommend placing it about the middle of the cur- 
tain} and ſome at its extremity. For its form, ſome 
prefer the circular, ſome the ſquare, and ſome the 
rectangle : with reſpe&, however, both to form and 
ſituation, the generality are for raiſing it within the 
baſtion; making it of the ſame form, becauſe it will 
then have the additional advantage of Increaſing the 
defence of the ditch, - 

Some object to this form for the eabitiee; that it 


will occupy too great a part of the baſtion ; and to 


obyiate. this, recommend raifing it after the form 


F*, Indeed, the diſtance of 5 or 6 toiſes al- 
| Jowed between the baſtion and cavalier, is by no 


means ſufficient ; for the ruins of the cavalier ſoon 
choak up ſuch a narrow ſpace, and conſequently render 


the defence of the baſtion impracticable, or at leaſt 


greatly obſtruct it: in ſhort, this conftruQion of | the 


les 


* This form a contributes to | the defence of the ditch, but in a much 


inferior degree than when it is the ſame with that of the baſtion. 
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cavalier has nearly the ſame defects as were obſerved 


in the falſe-bray. 


Of Retrenchments, , 


Any work raiſed within another erk to impede the 
progreſs of the beſiegers, and to ſecure a retreat for 


the beſieged, is called / retrenchment or intrenchment 7 


it conſiſts in general of a parapet * and ditch. 
The baſtion is the principal object of a fege; for 


when once the beſiegers have made a breach in its 
faces, and effected a paſſage over the ditch, the garri- 5 
ſon is either forced to ſurrender at diſcretion , or 


obliged to ſue for terms of capitulatjon ; the attention 
of engineers, therefore, has been continually. em- 


ployed in improving its ſtrength, and forming ſuch 


retrenchments within it, as are capable of forcing the 
enemy to grant the moſt honourable terms of capitu- 
lation 1; and hence has ariſen that variety of ſtrength 
and hah which has been given to retrenchmeats. 
Some content themſelves with making it canſiſt of 
two ease forming a entering air. as O, 1 18. 1. 


* — md * —y 


* The thickneſs of the 5 eee _ always made 


cannon proof: it is ſometiines found ſufficient when only 5, 6, & or 10 feet. 
+ This circumſtance probably induced Mr. Vauban to adept the cele- 


brated ſyſtem of detached baſtions, by which the loſs of the baſtion does 


not incur the loſs of the town; this Gems was applicd in fortifying New 
Eriſach. 

+ Mr. Goulon, in his Memoirs, obſerves; that, except at Candia, he 
knew of no inſtance where retrenchments ſerved for any other purpoſe but 
to obrain honorable terms : Chevalier de Ville, therefore, does not im · 
properly ſtile retrenchments within the baſtion, defenſes d honneur, 


Plate 
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Plate I. in which caſe it is commonly called, re- 


tirade. | 

Some make i it to form two re- e angles, as 
Fig. 17. Plate III. 75 

Some, in imitation of Count Puna whe it to 
form a ſecond baſtion, as A, Plate XV : but the 
greater number are for making it to form a front of 
fortification 3 ; that is, to conſiſt of a curtain and two 
half baſtions ; ſee B, Plate XV. Theſe laſt retrench- 


ments have ſometimes a low rampart and parapet 


cannon proof, and a ditch from 5 to 10 toiſes broad, 


in the middle of which a row of paliſades is planted | 


to increaſe the defence of the ditch, 


R E M A R K. 


De vile, Goulon, Montecuculi, and many x more, 1 
concur in urging the neceſſity of conſtructing, within 
the baſtion, a ſecond retrenchment, which, if poſſible, | 
ſhould have command over the firſt : this precaution 


is recommended to be taken, for the ſake of protract- 
ing the fiege, and to give more certainty of e 
the moſt honourable terms. 


| Retrenchments are ſometimes not made till they are 
wanted, though it will be always advantageous to 


have them ready againſt all emergencies, 
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FIG, , and z. PLATE 8 
No work raiſed above ground, however ſtrong, i ts 
found capable of withſtanding, for any length of 
time, the effects of the preſent great uſe of artillery : 
the moſt ſubſtantial ramparts and parapets can make 
but a ſhort refiſtance ; and outworks, though ever fo 
numerous, can retard only for a few days the ſurren- 
der of the place. Engineers, therefore, have had re- 
courſe to ſubterraneous defences, called countermines; 
and affert, that no place can properly be ſaid to be 
. fortified, unleſs all its works are countermined, 
Countermines are ſubterranean paſſages, or gal- 
leries, conſtructed in the interior part of the ram- 
part of the body of the place, and extending under 
— the outworks, and under the covert way and . 
and ſometimes even beyond them. | 
The uſe of theſe galleries i 1s: to meet the. enemies 
miners; to obſtruct the proſecution of their works 3 
and to enable the beſieged to blow up the beſiegers in 
any lodgment they may have made. 
The advantage derived from countermines, is held 
to be ſo great, that whilſt the beſieged are maſters 
below, 


— 5 


pro Rn IDO 


| ; 
} ; 
a : 
4 
. 
168 
. : 
4 x 
N. 8 
With 
vi 5 
7 
wee , 
1 li; ; 
"Fl 
. | 
fp! 7 
1430 3 
'T0 i 
71 
2208 [ 
. 
I * 
* k 
F 5 
. * 
10 ? 
i #8 U 
. 
4 f 
Ll ' 
wo * 
"4 4 1 5 
* : 
1 A 
ts p 
* . 
. \ 
A's 
43K ] 
4g 
BE: / 
„ 
Witt. >, 4 
* ; 
14 
fl We 8 
. : 
Wi. ; 
mil — 
"it 
5 
1 : 
aff ' 
i 
r 
i 
iy 
9 
* 
1 
"" . 
. 
Wh | | 
. LU [1 
4 : 
meg, 
1 , 
* 7 * 
4.8 
x x 
| | 


——— 


—— 
EE — 


— 5 
Se 


— 


— MR 
— - —— — I rod 

4 — 3 — 
— ö — — 


1 
— = 


ELEMENTS or PORTIFICAT ion. 197 


below e, it is preſumed, that no danger of the loſs of 
the place is to be apprehended ftom the befiegers, 
whoſe approaches at beſt are laborious and flow, and 
cannot be ſucceſsful till they have deſtroyed or are 
maſters of the countermines. In this refpe&, there- 
fore, the beſieged have confiderably the advantage 
over the beſiegers: the former go in ſearch with 


great ſecurity, and are almoſt ſure of doing miſchief; 


while the latter proceed with the urmoſt uncertainty, 
and are every moment in ſe of being met ad 
totally deftroyed. _ 8 

The galleries a, are called mafor galleries ; and are 
generally confirudted at the fame time as the place, 
and are vaulted either with brick or ſtone : their 
height is about 6 feet, and their breadth between 4 and 
5 feet, When the ditch is dry, theſe galleries are on 
+ level with the bottom of the ditch; and when it is 
wet, their level is ſomewhat higher an the ſurface 
of the water. | 


The galleries 5, are called rameaux or Sachs and 


are carried from the major galleries in all directions 


as occafion may require: thoſe, however, that are 


carried from the major galleries, under the rampart 


of the body of the place, and under that of the Half 
moon, are generally vaulted, and conſtructed at the 
ſame time as the major galleries; but thoſe under the 
covert-way and glacis, and beyond them, are not 


* The celebrated defence of Candia is attributed to its countermines. 


vaulted 
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le d, but the preſſure of the ſurrounding earth is 


ſuſtained by wooden frames. Their height is but 4 


5 beet, and their breadth; only about 3 feet. 


The entrance into the countermines, is, in general, 
by: the gorge. of the ſeveral works that are counter- 


mined, and ſometimes by n one made under 


their parapets, 


The communication from che place to ahe major 
galleries of the body of the place, is in general by 


the gorges of the baſtions z and the communication 


between theſe galleries, and thoſe of the ſeveral out- 


works, are by vaulted paſſages under the ditch “. 


As all the efforts of the beſiegers are directed to 


deſtroy, or to become maſters of the galleries, there 
is always danger of their diſcovering theſe paſſages 
and forcing an entrance into them; the beſieged. 


therefore, to obſtruct their way through, and diſpute | 


every inch of the paſſages, place ſtrang wooden gates 
with loop holes, at the diſtance of 2 or 3 toiſes from 
each other.. 

Air holes are ſometimes Fob in theſe paſſages ; ; 
and to keep them as dry as poſſible, pits are dug 
in different parts to receive the water. 


FY * PR —_ 
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* This muſt ſuppoſe a dry ditch, 
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REMARK. 


The invention of mining aſd” eountermining is 
very ancient: Vegetius attributes it to an engineer 
during the ſiege of Rhodes. Before the diſcovery of 
gun powder, the practice conſiſted in forming cham- 
bers under ground, which were ſupported with dry 
wood: the interval was then filled with combuſtible 
matter, which when occaſion required was ſet on fire; 
and thus the wall, tower, or whatever elſe was raiſed 
above this chamber, was deſtroyed. The inconſider- 
able effect of ſuch mines and countermines is not, 
however, to be mentioned in compariſon with the 
rapid deſtruction of thoſe ſprung with gun powder, 
buxſting open in a moment the bowels of the earth, 
blowing up whole troops of men, and tearing in 

ieces the ſtrongeſt walls, the firmeſt towers, and 
even the ſolid rock. ind typ 1 

The firſt ſucceſsful mines fines 6 invention of 
gun powder, according to Guicciardini, were made 
during the ſiege of the Cafe! del Own at Naples, in 
1503, under the direction of Pedro Navarro. 

The firſt countermines ſince the invention of gun 
Ppouder, according to the ſame celebrated writer, 
were made under the direction of Sonſalvo, a Spaniſh 
General, in the Caſtel Nugvo, at the time of rebuilding 
it, which happened ſhortly after the uſe of mines. 
The Venetians, in 1509, on fortifying Padua with 
works after the modern conſtruction, cauſed the hate 
ions to be countermined. 


Whilt 


136 e Evrs oF. yORTIFICATION. 


vaulted, but the preſſure of the ſurrounding earth is 


ſuſtained by wooden frames. Their height is but 4 


65 feet, and their breadth, only about feet. 


The entrance into the countermines, is, in gba, 
5 the gorge of the ſeveral works that are counter- 


mined, and ſometimes by winding ſtairs made under 


their parapets. 


The communication from, the place r to The major 


galleries of the body of the place, is in general by 
the gorges of the baſtions; and the communication 


between theſe galleries, and thoſe of the nne out- 


works, are by vaulted paſſages under the ditch *. 

As all the efforts of the beſiegers are directed to 
deſtroy, or to become maſters of the galleries, there 
is always danger of their diſcovering theſe paſſages 
and forcing an entrance into them; the. befieged, 


therefore, to obſtruct their way through, and diſpute | 


every inch of the paſſages, place ſtrong wooden gates 
with loop holes, at the diſtance of 2 or 3 toiſes from 
each other, 


Air holes are ſometimes ds] in theſe paſſages 5 


and to keep them as dry as poſſible, pits are dug 
in * parts to receive the water. 
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The invention of mining and eountermining * 
very ancient: Vegetius attributes it to an engineer 
during the ſiege of Rhodes. Before the diſcovery of 
gun powder, the practice conſiſted in forming cham- 
bers under ground, which were ſupported with dry 
wood: the interval was then filled with combuſtible 
matter, which when occafion required was ſet on fire; 
and thus the wall, tower, or whatever elſe was raiſed 
above this chamber, was deſtroyed. The inconſider- 
able effect of ſuch mines and countermines is not, 
however, to be mentioned in compariſon with the 
rapid deſtruction of thoſe ſprung with gun powder, 
burſting open in a moment the bowels of the earth, 
blowing up whole troops of men, and tearing in 

ieces the ſtrongeſt walls, the nn towers, and 
even the Pc 

The firſt ſucceſsful mines dane 6 invention of 
gun powder, according to Guicciardini, were made 
during the ſiege of the Caftel del Own at Naples, in 

150g, under the direction of Pedro Navarro, 

The firſt countermines ſince the invention of gun 
powder, according to the ſame celebrated writer, 
were made under the direction of Gonſalvo, a Spaniſh 
General, in the Caftel Nugvo, at the time of rebuilding 
it, which happened ſhortly after the uſe of mines. 
The Venetians, in 1509, on fortifying Padua with 
works after the modern conſtruction, n the baſe 
tions to be countermined, 


Whilt 


he rns oF $6415 1664788. 
-- Whilſt the Spaniſh and Italian ſyſtems prevailed, 


— were deemed neceſfary; ; but the mo- 


ment the Dutch ſyſtem was adopted, they were en- 
5 tirely neglected, . In Holland, indeed, they could not 
” well be Wade on .nevoyng of the lowneſs of the 
end. hi | 
| e were e in gt Be time of Vaubaa 
N Coehorn, and have ever fince been deemed moſt 
neceſſary for the defence of places - 
Mines and- countermines are made for the fame 


papoſes and- both conſiſt of a ſubterranean cavity ; 


made according to the rules of art, in which a cer- 
tain quantity of powder 18 lodged, which by i its ex- 


ploſion blows up the earth above it: the difference 


between them is, that, when made by the beſiegers 
they are called mines, and when made hy the Rebel 
| they are called countermines. * 

The place where the powder is N is called 
cell, or chamber; and the paſſage leading to the 
chamber, is properly called gallery: where the ſoil 
permits it, the chamber is generally ſunk, ſomewhat 
lower than a gallery, . is made only large 
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The countermines of the citadel of Tournay made by Mr. Megrigni, 
G great celebrity, in 1686, when Mr. Vauban made choice of the 

lacis of this citadel to try thoſe experiments, from which the theory 
and practice of mining were deduced by him and Megrigni, and adopted 
by others. The practice of mining ſtill continues to be founded 
upon theſe experiments, though it muſt be confeſſed, that Mr. Belidor, by 
a variety of new experiments, has diſcovered. and proved the ſuppoſi- 
tions advanced, and the conſequences dedueed from them, to be not 
very accurate. 
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enough. to receive the box, which contains the 


poder neceſſary for the charge of the mine, The 
form of the box is cubical; and to preſerve the pow- 


der from e damp, the N wy . has 
ſtraw, „ 5 
From a variety by mee it is a con- 


jeftured; that for every cubic foot of common earth to 
be blown up, an ounce of powder is required : 
hence, knowing the ſolidity of earth to be blown up, 


the charge will eaſily be aſcertained . That the pow- 
der may not fail to explode by the upper part of the 
chamber, part of the gallery is walled e May 


, 2 N Piooes of 5880875 2 wr 
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* e's there ads e different ets of earth, ſome . and ſme lighter, 
it is evident, that the quantity of powder muſt neceſſarily vary as the ſoils 
differ. Belidor, Valiere, and others, obſerve, that it is not only ſuflicient 
to confider the weight and quantity of earth to be raiſed by a mine, but 
that regard muſt alſo be had to its quality, with reſpe& to its conſiſtence, 
and the coheſion of its parts: this coheſion, or tenacity, they: conſider 40 
bei in proportion. to the ſurfaces of the excavations; byt Muller, Gueſs, and 
the modern engineers, more juſtly afſert this tenacity to be in proportion 
to the ſolids themſelves. _ 1 

Miners diſtinguiſh the various ſoils into five ſpecies : To a earth, 0 or 
ſand; - 2, common earth ; I loom, or ſtrong ſoil; 4, potters clay, or tir 
foil; and, laſtly, clay mixed with fjones : and it is commonly aſſerted, that 
a cubic toiſe, of the firſt kind will require for charge 9 lh. of powder ; that 
of che ſecond, 11 Ib.; that of the third, 13 Ib.; that of the fourth x lb.; 
and that of the fifth kind, 181d. ; and further, that a cubic toiſe of ma- 

ſonry above ground, requires on 251b. and when under ground about 1 

w. . 

Mr. Vauban aſſerts. that a cubic toiſe * common. th requires 1b 
of powder to raiſe it; that loom or ſtiff ſand requires 17 Ib.; that mitt 


earth requires 181b.; that potters clay, or ſtiff ſpil, requires 19 Ih.; and 
that fat or ſtiff carth mixed with pebble ſtones requires 22 1b, 
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The fire is communicated to the powder in the 
chamber, by a pipe filled with” powder. This 
pips, which. is called /auciſſon, is made of leather 
or coarſe cloth, and is in diameter about an inch 
and half: to prevent the powder in the ſauciſſon 
from contracting any dampneſs, it is Nee laid in 
a wooden trough called anget. 55 
The line drawn from the center of the chte 

Wee to the neareſt ſurface of the ground, 
is called une of leaſt reſiſtance, becauſe it tepreſents 
| the place, where the powder, finding the teaft refif 
tance, forces itſelf out of the chamber. 
The pit or hole made by ſpringing the mige, is 
called the excavation; and the hollow left in the 
| oa is called the tunnel of the mine. © 

The figure of the ſolid, formed by the cats, 
was at firſt taken for a cone reverſed; afterwards, it 
was taken for the fruſtum of a cone reverſed, in 
which the radius of the greater circle was double 
that of the leſſer circle, and in which the altitude or 
Hine of leaſt refiſtance, was equal to the radius of the 
greater circle. Mr. De Valiere conſiders it as 2 pa- 
raboloid ; but it was firſt ſuggeſted to be a truncated 
paraboloid by Mr. Belidor, and afterwards conſidered 
as fuch both by Mr. Muller and Mr. la Chapelle. 
Mr. Lefebvre, an engineer in the Pruſſian ſervice, 
well known in the military world, aſſerts in his Eſſay 
on Mines, © publiſhed in 1764, that this figure or 
ſolid is not like * figure known in SPIE: 


＋ he 
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The figure of the ſolid, formed by the excava- 
tion „ is ſtill generally confidered to be the fruſtum 
of à cone reverſed, in which the altitude is equal 
to the radius of the greater circle : the ſuppoſition, 
however, that the radius of the greater circle is 
always equal to the altitude or line of leaſt reſiſ- 
tance, is erroneous; for by the late experiments 
made by Mr. Belidor, and repeated by others, s it 
evidently appears, that the radius of the greater circle 
will become greater or leſs in proportion to the quan- 
tity of powder ; that is, that the radius of the greater 
circle may be increaſed to any bag in regard to the 
line of leaſt reſiſtance. 

Mr. Megrigni „ under whoſe :oomeſiong infpetion 
the experiments at Tournay were made, was the firſt 
who aſſerted, that the radius of the greater circle can 
never exceed the line of leaſt reſiſtance, let the charge 
be ever ſo great; and further, that a mine over- 
charged, inſtead of giving the radius of the greater 
cirele equal to the line of leaſt . will make 
it rather leſs. 

This laſt ſuppoſition of Megrigni, which is con- 
tradictory to the firſt principle of nature, that 
effects are always proportionable to their ade- 
quate * greatly : favoured the received opinion 


F a. aan tre. tes... es. * ** a — ** 


db od and ee ee TER book entitled the The: 
yh of the art of the miner, written by Gueſs, profeſſor of Mathematics 
in the Univerſity of Copenhagen. This valuable book is tranſlated i into 


French, by zmeets, a Captain of miners and fappens, in the fervice of the 
vue Provinces. 
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of thoſe days, that the force of exploſion acted 
only upwards: and though it is at pteſent uni- 


verſally known, that the force of exploſion acts in 


all directions, that is, in à ſpheric form; and 


ice of thoſe days. This ariſes from the caleula- 


though the conſequences of this, contradict the conſe- 
quences drawn from the experiments at Tournay; z yet 
there is ſtill a great predilection for the theory and prac- 


tions for the charge of mines, deduced from thoſe ex- 

fam having proved ſucceſsful in practice. 
When the line of leaſt reſiſtance meaſures 10 feet 

or more, it retains the name of mine; and when it 


| ee leſs, it is diſtinguiſhed by the name, of fou- 


—_— 


: theſe ſmaller mines or fougaſſes, are uſually 
. under the glacis*, and before the faces of de- 
tached works. | 


When a mine has but one aber 4 it is ele fin u- | 


gle mine; when it has two, it is called double mine; 
when it has three, it is called zreble mine, and fo on; 
their names being determined by the number of cham- 
bers they contain. fo 

When a mine is made with a defign r not to blow 


up any thing above the ſurface of the earth, but only 


to deſtroy : a ſubterranean gallery, it is s diſtinguiſhed 
by the name of camouflet. 


a 4 
* . q 
x 8 
r — er, —— — * 4 » 22 ci r ow — 
E + — - we 9 oo rw — _— — wp - . 


Mr. Goulon recommends the glacis to be countermined with caiſſons, 
placed at 2 toiſes from each other : a caifſon i is a wooden cheſt 2 or 3 feet 
long, and from 1 to 2 feet broad, Sled with powder to which fire is com- 
municated by a fauciflon. This method of countermining, requiring no 
galleries, is not very expenifive: the line of leaſt reſiſtance is ſeldom more 
than 5 or 6 feet; that is, the caiſſons are ſeldom burried above 5. or 
$.fect. At Candia the glacis was countermined after this method. 
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Of the Streets, Houſes, Place of Arms, CazernF 
or Barracks, and other Public Buildings. 


PLATE I. 


When a new fortreſs is erected, the moſt circum- 


ſpective care is taken, to make every part as regular 
as poſſible ; and to place the ſeveral buildings in ſuch 
fituations, as will beſt anſwer the purpoſes for which 


they are raiſed, 


Of the Gents and Houſes. 


Streets made perpendicular to each other, admit 
the houſes to be of a rectangular form, the form that 
has the moſt regularity and the greateſt ſtrength. 
Streets made parallel to the curtains and to each 
other, do not admit the ſame regularity in the houſes, 
whoſe form, by this conſtruction, is either a trapezium 
or trapezoid. 1 e 

The firſt manner is moſt advantageous, and makes 


the form of the place of arms a ſquare, which, of all 
the quadrilaterals that have the ſame perimeter, is 
that which has the moſt ſurface, and is therefore 


generally preferred where ſpace is the principal object. 
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The ſecond manner makes the place of arms of the 
ſame form, as that of the polygon fortified. 

The principal ſtreets lead from the place of arms 
to. the town gates, the ramparts, the citadel, and, 
if a ſea-port, to the harbour ; and are 36 feet 


or horſemen, and three carriages, to pals in front at the 
ſame time; or, if two of theſe carriages ſhould ſtop, 
for the third to paſs by. The leſſer or croſs ſtreets are 
only from 18 to 24 feet broad. The diſtance be- 


ought to be ſufficient to contain two houſes, one of 
which to face one ſtreet and the other its parallel. 
Mr. Vauban, at New Briſach, made the diſtance to 
be the depth of three houſes, that is, the two corner 
houſes, and one between them: but this diſtance is not 
by many deemed ſufficient, becauſe there is ſcarcely 
any ſpace left behind, for erecting ſtables, warehouſes, 
or ſhops for workmen ; neither is there room for 
gardens, or other openings, for the free communica- 
tion of light, and the free circulation of air. 

The front of each houſe is from 4 to 6 toiſes, 
and its depth is from 6 to 8 toiſes: hence, 
ſuppoſing the breadth and depth of a houſe to be 6 
toiſes each, and the diſtance between one ſtreet 
and its parallel equal to the breadth of four houſes, 

_ each houſe, except the corner houſes, will have an 
opening behind of the ſame extent as the houſe it- 


ſelf, either for gardening, or building ſtables, work- 
ſhops, or ſtore-houſes, * 
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r This breadth is ſufficient for foot paſſengers 
0 


tween any ſtreet and that which 1s parallel to it, 
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Between: the houſes and the rampart, there is ge- 
nerally a diftance of about 15 foiſes : : this ſpace i Is left | 
for erecting barracks, 

For the purpoſe of carrying off the water in the 
ſtreets into the ditch, it is uſual for the center of 
the place to be the higheſt part, with a deſcent from 
it in an eaſy ſlope towards the ramparts. 

{In plans, houſes are ſeldom repreſented fingly, but 
in iſles; that is, as many as are not ſeparated by any 


ſtreet, are repreſented by the ſpace contained between 
the ſurrounding ſtreets.] | 


Of the Place of Arms. 


The ſpace left open in the center, ſerves as a parade 
for the troops on garriſon duty, and is-called place 
of arms. The ſquare form is conſidered as the moſt 
advantageous for the place of arms: its dimenſions 
depend upon the capacity of the place, the number 
of inhabitants, and the ſtrength of the garriſon, Mr. 
Belidor thinks, that a fortreſs of fix baſtions, whoſe 
exterior fide is 180 toiſes, ſhould be a ſquare, the fides 
of which ſhould be from 40 to 45 toiſes ; a place of 
ſeven baſtions, from 55 to 60 toiſes; a place of eight 
baſtions, from 70 to 75 toiſes; a place of nine or ten 
baſtions, from 80 to 85 toiſes ; a place of eleven or 
twelve baſtions, from go to 95 toiſes. 
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When the place is large, it will be neceſſary to 
have ſome ſquares beſides that in the center, to ſerve 
as different market-places for different commodities, 

Before each gate there is generally a place of arms, ca- 
pacious enough for drawing up the port guards, and in 
caſe of danger to defend the gate and adjacent places: 
theſe ſmaller places of arms, beſides forming a 
good appearance, are alſo very uſeful to diſengage the 
paſſage, when the carriages that are going out of 
the town are obliged to wait, till thoſe upon the 
bridges are come in. 


Of Cazerns or "AY and other Public 
Buildings. 


+. 
% 


Cazerns, or barracks, are buildings erected to 


lodge the officers and men : the parts C which are 
deſigned for the lodgment of the othicers, are diſtin- 


guiſhed by the name of pavilion. 

The moſt advantageous ſituation for barracks, ac- 
cording to Mr. Vauban, is near the rampart of the 
curtains. The breadth of D, that is, that part of 


the barracks which lodges the men, is 40 feet; and 


that part which lodges the officers, is 42 feet. 
The height is two, and ſometimes three ſtories; and 


the length nearly that of the curtain, When built 


oppoſite to a curtain in which there is a gate, it is 


not a continued building, but there is an open- 


ing of 20 or 30 toiſes in breadth before the gate; 
. and 
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and then the pavilions, inſtead of being at the ends 
near the baſtions *, are at the ends near the gate, 

| Berweeen the rampart and the barracks, there is a 
diſtance of 4 toiſes; and between the barracks and 
the firft row of houſes for the inhabitants, there is a 
ſtreet which is alſo 4 toiſes in breadth. 

In plans, cazerns or barracks are repreſented by 
the plan of their covering, but more commonly by 
the ground plan; that is, the ſpace occupied by this 
building is waſhed in common with the iſles of 
houſes, but rather ſtronger by way of diſtinction.] 

The bake-houſes and ſutling-houſes, for a fmore 


ready communication, are placed as near as poſſible 


to the barracks. | | 
Ihe ftore-houſes for ammunition, artillery, &c. to 
be more ſecure from any fire that might happen in the 
neighbourhood, are ſeparated as much as poſſible 
from all other buildings. If a river runs through 
the town, the ſtore-houſes are generally placed near 
it, for the more convenient conveyance of the ſtores 
by water-carriage. e 

The hoſpital is likewiſe ſeparated from all other 


buildings, and placed as near water as poſſible. At 


New Briſach, to obtain ſuch a ſituation, the hoſpital 
is without the town, and covered by a crown-work. 


— 
— 


* Barracks are more convenient, when they form a ſquare building with 
an inner court, than when they make one large pile in a ſtrait line; becauſe 
from the nearer contiguity of the rooms, orders may be executed with 
more privacy and expedition, and becauſe the ſojdiers are more eaſily 
confined to their quarters, and have leſs connexion and intercourſe with 


the inhabitants. | 
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The great church, the governor's houſe, and the 


town-hall, have their entrance from the place of arms 


in the center, for the convenient reſort of all the in- 
habitants to n of thoſe places. 

The powder magazines, for the more ready acceſs, 
are placed as near. the rampart as poſſible: according 
to Mr. Vauban, however, the more advantageous 
fituation 1s in hollow baſtions. 

{In plans, theſe, and indeed all other public bund. 
ings, are generally repreſented "My the 1 15 of ms 
covering.) 


R E M A R K. 


Mr. Belidor, in his Science des Ingenieurs, which 
may be conſulted for the dimenſions of theſe and other 
edifices within the fortreſs, ſays, that New Briſach 
is the moſt perfect model he knew, for the regular, 


convenient, and ornamental diſtribution of all the 


buildings, 


* 
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8 G: n Ne n 


of Citadels. 


F'L XY XVII. a 


A citadel 1s a fortreſs generally erected partly in 
and partly out of ſuch large towns, as have but few 
fortifications to defend them. Ir ſerves as a repoſitory 
to ſecure the wealth of the inhabitants, when the 
approach of an enemy is apprehended ; and it ſerves 
alſo to keep in awe the inhabitants of a town dif- 
affected to the government. 

The citadel, to have command over the fortifications 
and other parts of the town, 1s placed upon the higheſt 
ground. From its ſituation, indeed, it ſhould always 
be able, in any emergency, to diſpoſe of the ſluices or 
engines which ſupply the ditches, 8 &c. of the 
place with water. 

When the town lies near a navigable ri river or lake, 
the citadel ſhould be placed upon the banks, from 
whence it would derive ſuperiour ftrength ; and when 
the town is a fea port, it ſhould be placed near the 
harbour to protect its own ſhips, and ſecure the place 
againſt a bombardment from the ſhips of the enemy. 

The town is never fortified on the fide of the cita- 
del, that it may have no cover againſt the fire of it; 
and, for a greater command, a cxralier i is ſometimes 


1.4 raiſed 
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raiſed within the baſtions of the citadel that front 
the town *. | 

To deter an enemy from akitg the dtadel the firſt 
object of attack, it is generally better fortified than 
the town. The loſs of the citadel 1s uſually followed 
by an immediate ſurrender of the town ; but the loſs 
of the town does not infer. the inſtant loſs of the 
citadel, which may require a ſiege probably longer 
and more difficult than the fiege of the town. 

The parts AB and CD, which join the town 
to the citadel, are called lines of communication. To diſ- 
courage an attack of thoſe parts, which might en- 


danger both town and citadel at the ſame time, the 


lines of communication ſhould be made particularly 
ſtrong, and ſhould be well flanked +. 
The parts AB and CD, are by ſome directed to 


the ſummit of the angles K and L of the baſtions 
of the citadel that front the town; by others, upon 


the middle of the faces K E and LF of thoſe baſti- 


ons; and by others, upon the faces ab and cd of the 


half moons G and H, and near the middle: the direc- 
tion of the parts AB and CD, however, ſhould be 


8 


N _ 
"7 —_ Wan — 2 —— — 9 * „ — a di * * 7 
5 


* Within the baſtions of the citadels of Liſle and Straſburg; there are 

Cavaliers on the fide of the town; and many aſſert, that were it not for that 
precaution, the citadels would not have ſufficient command of the towns. 

: + Mr. Muller afferts, that few citadels are rightly joined to towns, be- 


cauſe the defence of the ditch of the line of communication is in general too 55 


oblique. He wonders alſo, that the attacks are not generally directed to 
thoſe parts which join the town to the citadel, becauſe the fame approaches 
may ecually ſerve to reduce both. | 


as 


1 
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as ; perpendicular as poſſible with their OY parts, 


to obtain direct defence. 
Between the covert way and glacis of the citadel, 
and the houſes of the town, there ſhould be left an open 
ſpace of 40 toiſes, and more if poſſible, that no ap- 
proaches may be made without being diſcovered from 
the citadel: in this ſpace, which is called eſplanade, the 
troops may be drawn up for exerciſe, &c. 
\ The citadel takes two ſides of the town, and is 


moſtly of a regular form; that is, it is either a ſquare?, 


a pentagon &, or an hexagon ||: but the ſquare is 


thought too ſmall, and the hexagon too large and 


too expenſive ; the moſt approved form, therefore, 
1s the pentagon. 

The exterior ſide of a citadel is from 120 to 180 
toiſes ; and the medium of 150 toiſes is conſidered, 
by many, as the moſt advantageous length. A lefs 
length than 120 toiſes, would make the ſuperior talus 
of the parapet of the flanks ſo very ſteep, as greatly 
to weaken the upper part of that parapet. 


— 


— * ä 8 ue i. A. — = A —_— ” _ 


The citadels of Havre de Grace, Mentz, &c. have four ſides. That 
of Havre de Grace, is confidered as one of the beſt fituated citadels in 
Europe: it effectually commands the town, the harbour, and the . 
country and ſea. 


§ The citadels of 1 Barcelona, Liſte, W Straſburg, 
Turin, &e. are pentagons : the citadels of Liſle and Straſburg are in 


general deemed the moſt perfect model for an open country, 
| The citadels of Perpignan and Verdun are hexagons. 
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REM AR K. 


There are generally two gates to a ae one to- 
winds the town, and one towards the country ; the 
firſt ſerves for communication with the town, and the 
laſt with the country, and is generally diſtinguiſhed 
by the name of the gate of ſuccour. _ 

When towns are large and populous, and the inhabi- 
' rants are ſuſpected of diſaffection to the government, 
to keep them more effectually in awe, a reduit is made 
on the oppoſite fide of the citadel : this reduit is gene- 


rally a baſtion, the gorge of which is fortified with 


a front of fortification and a ditch*. 


When towns are not large, and the inhabitants are, 


notwithſtanding, ſuſpected of diſaffection to the go- 
vernment, a reduit is made, though there be no 
citadel. | —_ 


To trace the Citadel, 


Suppoſe the baſtions 1, 2 and 3, to be part of the 


circumference on which the citadel is intended to 
be placed. The baſtion 2, and its adjacent curtains, 
oppoſite flanks and faces, are to be omitted, and the 
capital of this baſtion 2 is to be prolonged indefinitely 
both within and without the circumference: then take a 
point I, upon this capital prolonged, nearer or more 


diſtant from the circumference, according to the 


— 
"_ 


0 


* At Liſle, Straſburg, &c. there are ſuch reduits. 


+ At Landaw there is only ſuch a reduit, . 
: ſituaticn 
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fituation fixed upon for the citadel; through I, draw 
KL at right angles with the capital prolonged, and 
make KI and IL each 75 toiſes k. 

Upon KL, conſtruct, by means of the ſeQor, a re- 
gular pentagon, which fortify; that is, trace the ma- 
giſtral according to Mr. Vauban's method for a pen- 
tagon, and add ſuch outworks as may be thought ne- 

ceſſary. | 

Laſtly, direct the parts AB and CD perpendicu- 
larly * the faces KE and LF. 


Or, thus: 


Upon the ſame ſcale as the plan of the town, trace 
upon a ſeparate piece of paper the plan of the citadel, 
and cut off the paper on that ſide next the town, quite 
cloſe to the edge of the works; then lay this plan on 


that of the town, in ſuch a manner, as that the ditches 


and works may be well flanked and enfiladed by the 
works of the citadel: in this ſituation prick it off, and 
then draw it upon the ſame paper as that of the town. 


* * — 


* 


hh th 


3 


5 F This ſuppoſes the exterior fide to be 150 toiſes. 
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5 E C T 1 0 N. XIII. 


Of Irregular Fortification. 
When fortification is applied to a ſpace that forms 
an irregular polygon, it is called irregular fortification. 


But an irregular. polygon may have all its ſides 
equal, and its angles unequal* ; or it may have all its 


angles equal and its ſides unequal, or all its fides and 

angles unequal. 
The angles of an irregular brad may allo be 
either all ſaliant , or partly ſaliant and partly re- 
entring. As the re- entring angle cannot defend 
itſelf, it is deemed very diſadvantageous; and it is 
proportionally more ſo, as it is either more acute or 
obtuſe. On account of its defects, it RES dead 
angle. mY 

When the angles of the polygon are all A 
they may be either all acure angles, or all obtuſe ; or 
partly acute and right angles, and partly right and 
obtuſe angles or partly acute angles, right angles, 


and obtuſe angles. 
The ſaliant angle of the polygon, when acute, not 


admitting the flanked angle of the baſtion to be con- 


POE. — 
* 


* When the irregular polygon, however, is formed of equal and parallel 
ſides, it is more properly diſtinguiſhed by the name of Hmmetrical polygon. 
+ Except in the ſymmetrical irregular polygon, when they muſt necef- 


ſarily be partly ſaliant, and partly re- entring angles. 
formable 
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formable to Maxim X of theſe Elements, or to ex- 


ceed 60 degrees, it is conſidered as diſadvantageous; 


and it is deemed the more wy in proportion as it is 


more acute, 

The faliant angle of the polygon, whea a fight 
angle, admits a conformity of the flanked angle to 
Maxim X; that is, to exceed 60 degrees. But the 
right angle making the flanked angle as acute as it 


can well be *, has rendered it the leaſt admiſſible in 


regular fortification, and conſequently occaſioned the 
rejection of the triangle. 

The ſaliant angle of the polygon when obtuſe, 
is deemed advantageous ; and the more ſo, in pro- 
portion as it admits a nearer approach of the flanked 
angle of the baſtion to the * angle, or that which 
has moſt ſtrengtu. 

The objection againſt making the flanked angle 
of the baſtion obtuſe, is, that it greatly expoſes the 
faces of the baſtions : it is the opinion of many engi- 
neers, that the flanked angle of the baſtion ſhould never 
exceed 100 degrees, by which they render the angle 
of the oftagon the greateſt admiffible + in regular 
fortification, and confequently occaſion the rejection 
of Lad above 8 ſides. 


mm 


— — 


* For the flanked angle of the baſtion, when the angle of the polygon 
is a right angle, is, * to Mr. Vauban's conſtruction, not quite 
63 degrees. 

+ For the flanked A of the baſtion, when the angle of the poly gon i is 
135 degrees, which is the angle of the octagon, is, according to Mr. Vau- 
ban's conſtruction, already ſomewhat more than 98 degrees. 

The 


n 


r 8 2 =. 


+, LE? + 205 ALES — £ 8 n 
r 


n 
Ul 
N U 
j 
t 
[ 
"4 
| 
1 ! 1 
4 
} 
i 
4 

1 

* 

k 4 

* 
|! 

= 

« 
3 
7 
4 ** 
k 
7, 
f 
1 ** 
IN 
., 
4 
a] 
i 
AT 
* 
"Fi 
23% 
= 

Ck 

| 

1 

8 
* 
Fi 
i 

* 
# 

SS 

- 

7 
7 * 

9 
4 

br 

0) 
17 

227 
A.! 

1 

15 

$$ 

+ 

S \. 

H . 4 
«+ 
A 

1.514 

ID 

1 
23S 

12 

ibs 
£4 

8 
by 

Li 
L 
F 
wats 
i 
= 
+ 
12 
au 
tt ” 

IH 
481) 

i & N 

2 

#8 

1 LI 

„ 

* 

Port 

1 * 

ag 

Huh 

45 

HIM 

3&4 

\ $07 

bd 

p N 

1 - 

_— 

. 

113 

4 [i 

K: 

160 

1 

1.8 

"= 

12 

* 
133 
4 
F | 
i 
35 
1 
I 
* r. 
8 
LJ 
" 


a 
n 
2 * 
N 
— 
5 
1 
* 
* 
L 


Te ELEMENTS OF FOR T Ife AT TO. 


The obtuſe angle of the polygon, which admits 
the flanked angle of the baſtion to be acute, has great 
advantages over that which makes the flanked angle 
obtuſe, and even over that which makes it a right 
angle, eſpecially that which admits it to be about 
80 degrees; becauſe its faces are leſs expoſed, and 
becauſe the faces of the ſame ſide of the polygon 


may ſerve to flank each other. On account of theſe 
advantages, a preference has been given to the hex- 
agon; the angle of which, being 120 degrees, makes 


the flanked angle of the baſtion, according to Mr. 


Vauban's conſtruction, to be about 83 degrees. 


When the fides of the polygon are conſidered as 
exterior fides, the length of them, to be advan- 


tageous, ſhould not be leſs than 120 toiſes, nor 


greater than 200 toiſes : a much greater length than 
200 toiſes, will not admit the line of defence to be 
within muſket ſhot; and a leſs length than 120 
toiſes, will increaſe the flope of the ſuperior talus of 
the parapets of the flanks ſo much, as greatly to 
weaken the upper part of the parapets. Mr. Vauban, 


to obtain the moſt advantageous length for the ſeveral 
parts of à fortreſs, conſiders: 180 toiſes as the moſt 


uſeful length for the exterior ſide. 

When the fides of the polygon are conſidered 
as interior ſides, their length, to be advantageous, 
ſhould be from 120 to 140 toiſes : it is obſervable, 
however, that when the angle of the polygon is a 
right angle, the length will be more advantageous 

| the 
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the nearer it approaches to 120 toiſes; and, when 
the angle is obtuſe, the length will be more advantage- 
ous the nearer it approaches to 140 toiſes. 

Hence it follows, that a polygon given to be forti- 
fied, may be ſaid to be irregular only in its angles, or 
only in its ſides, or both in its angles and ſides; and, 
conſequently, the application of the maxims com- 
prehending the right conſtruction of all the different 
parts of a fortreſs, will be more difficult in irregular, 
than in regular fortification ; and this difficulty will 
peceſſarily increaſe, in proportion to the greater irre- 
gularity of the polygon given to be fortified. Sl 
- Bib: irregularity ariſes from a boundleſs variety 
of ſituations, which differ ſo much in their circum- 
ſtances, that it is ſcarcely poſlible to mect with two 
exactly ſimilar i in every reſpect; it cannot, therefore, 
be expected, that in the unlimited variety of caſes 
dependent thereon, an example ſhould be given of 
cach, Such examples, however, will be ad 
as are moſt common; and it is hoped, that. what 
ſhall be ſaid in their illuſtration, connected with the 
preceding obſervations, will afford ſome help i in iluſ- 
trating ſeveral other caſes that are leſs common, when- 


_ ever they happen to occur. 
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E X A MPLES 


To trace the magical line of the . pen- 


tagon ABCD E, the ſides of which are to be 


conſidered as exterior ſides. 
IG. 1. PLATE XVII 
Of the Side AB. 


If the magiſtral line of A B, which meaſures 20 


toiſes, is traced after Mr. Vauban's method for the 


regular pentagon, the lines A a, B &, which repreſent 


the faces, will have 58+ toiſes each for length; the 
lines ac, h d, which repreſent the flanks, will mea- 


ſure about 26 toiſes each; and the line d, which 


repreſents the curtain, will meaſure about 82 toiſes. 


By this conſtruction, the flanks have a very advan- 


tageous length ; and though the curtain and faces 
rather exceed the uſeful length affigned them, yet 
that exceſs will not be deemed diſadvantageous. 

The line of defence is nearly 149 toiſes ; and tho 
the flanked parts are generally confidered as within 
muſket ſhot of their flanking parts, when the line of 


defence is even 150 toiſes, yet this length of 149 
toiſes, if it is not more than the point blank of our 


firelocks, certainly exceeds that advantageous length 
which is aſſigned to the line of defence, for the pur- 
; poſe of properly defending the faces by the flanks, | 

In ſuch an inſtance, many, to obtain a more advan- 
tageous length for the line of defence, recommend 


tracing the magiſtral line after Mr. Vauban's method 


for 


to bring the flanked parts of the front towards the 
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for the ſquare; and 2 giving to the perpen- 
dicular the , and even the g of the exterior fide, if 
by that means the flurileed - Parts can be brought | 
within an advantageous diſtance of their flanking 
parts: in this inſtance, however, by ging to the 
perpendicular even the r of "rhe exterior fide; the 
line of defence will be about 147 toiſes, which will 
ſtill exceed the uſeful length; and the flanks will 
not be quite 18 'toifes, that is, they will not be con- 
formable to the received notion, that a flank, to be 
advantageous, ſhould be at leaſt 20 toiſes. 

The practice of bringing the flanked parts with- 
in a more advantageous diſtance of their flanking 
parts, by leſſening the perpendicular, is much ap- 
proved of, when the exterior ſide is either a marſh, or 
the banks of a river. Mr. Vauban, at Hunningen, 
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Rhine, which has for exterior ſide 200 toiſes, within 
a more advantageous diſtance of their flanking parts, 
made the perpendicular only the & of that extenorfide; 
whilſt the four remaining fronts, the exterior ſides 
of which are only 160 toiſes, have for perpendicular 
the 4 of their reſpective exterior ſides: this practioe, i 
though advantageous alſo in being leſs expenſive, 9 5 
and in increaſing the inward ſpace, yet conſiderably 1 
diminiſhes the length of the flanks. _ 1 
The flanked parts might be alſo brought with 1 
| 
| 


in a more uſeful diſtance of their flanking parts, 
by. increaſing the length of the faces only; and - = 
in this inſtance, by making the perpendicular the Z 

E M 5 of 
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3. of AB, and the faces the + of A B, the length of 
the line of defence will be only about 140 ns 
which is a very advantageous length. 
The flanks will be about 20 toiſes, and the curtain 
about 65 toiſes ; that is, both theſe W bees be 
eonformableto Maxim IX. 
The faces will be 68 taiſes, that is, gin will exceed 


by 18 coiſes the uſeful length aſſigned them; but this 


increaſe of length will not be deemed diſadvantageous, 


when it is conſidered that though a greater part is 
expoſed to the enemies batteries, yet the difficulty of 
making a breach in ſuch à face is not en than in 


one of 50 toifes only. 

By incre 
found, that the length of the faces, flanks, curtain, 
and line of defence, of a front, will not be diſadvan- 
tageous, though its exterior ſide ſhould even exceed 
204 toiſes. In tracing the magiſtral line of CD, 
which meaſures even 220 toiſes, by giving to the 
perpendicular the 5 of the exterior fide, and taking 
80 toiſes for the length of the faces,  _ 

The line of defence will not be 1 50 toiſes; 

The flanks will be about 20 toiſes; and 

The curtain about 60 toiſes. EE 
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REMARK. 


aſing the length of the iis dy; it will be 
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R E M A R K. 


In the . of the foregoing od. fot 
diminiſhing the length of the line of defence, by i in- 


creaſing the length of the faces and leſſening the 


perpendicular, it will be found, that the ſeveral parts 
of a front whoſe exterior fide is even 260 toiſes, will 
not be diſadvantageous in any important reſpett : the 
defects of the flanks, which neceſſarily become ſmall, 

may be ſupplied by a cayalier, placed i in the middle of 
the curtain; and the defects of the line of defence, 


which neceſſarily exceeds the advantageous length, 


may be ſupplied by a kind of falſebray, made about 
12 or 15 toiles p einlants, and parallel to the flanks. | 


5, \ 


of the Side B C. 


rot trace the magiſtral line of B C, which meaſures 
365 toiſes, that is, twice the uſeful length affigned 
to the exterior fide, biſect B C, and confidet - the 
equal parts Ce, Be, each as the exterior ſide of a 
pentagon; that is, give to the perpendicular the +5 of 
Be or Ce: and the lines Cf, By, e b, ei, will repre- 
ſent the faces; the lines fk, þ1, im, g , will repre- 
ſent the flanks; and the lines E n, Ju, the curtains. 
By this conſtruction, all the parts of the front B C 
reciprocally flank each other; and the parts flanked, 
are within a proper diſtance of their flanking parts. 


The faces, and curtains, have each an advantageous 


length; the flanks, though not of the greateſt extent 


Poſſible, are nevertheleſs of an adyantageous length, 
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exceeding 20 tdiſes; but, by conſidering the equal 
parts Ce, Be, as the exterior ſides of an hexagon, that 
is, by giving to the perpendicular the £ of Ce, of Be, 
the flanks may be conſiderably incteated + in this iu. 
ſtance, however, by making the perpendicular of the 
front Be the 2 of Be, the flanked angle of the baſtion 
B will not be conformable to Maxim X. 

An increaſe in the length of the flank is an advant- 
age generally ſuppoſed To ſuperior to every other, that, 
to obtain it, not ſo much attention, as is perbaps 
neceſfary, is paid, to tnake the flanked angle at leaſt 
bo degrees; and, a further inducement to diſregard 
this, is, chat the defects of too acute angles are ſup- 
poſed to be ſupplied by rounding off the- flanked 


angle: to accompliſh this, and avoid the defects of 


the antient ſquare and round towers, which were ak 
ways expoſed to danger, becauſe every part could 
not be ſeen and detended by ſome other part, that 
part from the bottom of the ditch to a height a little 
above the horizon remains angular, and from thence 
to the top it is gradually rounded oft. 
The baſtion eb mi, which is commonty called 


Nat haſtion*, from its being made upon a right line and 


not upon an angle, is by ſome deemed not ſo advanta- 
geous as that made upon an angle, becauſe its faces 
are more expoſed, and becauſe both its adjoining 
curtains can be enfiladed by one and the fame bat- 
tery: but theſe defects are compenſated by the fitua- 


r n * - dit. ett — dt a. 


** *** thc ** 2 yn a * 
ww 


Many French wiiters call this ſort of baſtion, moineau. ws 
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tion of the ground, which commonly renders a fide 
requiring ſuch baſtions leſs acceſfible, and conſequently 
leſs expoſed to attack. Theſe baftions, on account 
of their great gorges, admit better retrenchments ; 
and the collateral half moons cover them ſo 'effee- 
tually, as to protect them _—_ batteries; 


REMARK 


When the ſide of the polygon is fo long as n 
mit a diviſion of it into three, four, or more parts, 
each of ſufficient length to be conſidered as the ex- 


terior ſide; it is, then, generally fortified with flat 


paſtions: ſee AE. 
The front Ao is traced, by giving tothe Aae 
culat the & of Ao: this is done to prevent the flanked 
angle of the baſtion A being too acute, which, by this 
conſtruction, is "_—_— no more than oped 60 
degrees, 
The front pE- is cranks] ith giving to the perpen- 
dicular the 4 of pE : a greater length for the perpen- 


dicular, would make the. flanked angle of the _— 


tion E not of ſufficient ſtrength. | 

The front op is traced, by giving to the 3 
cular the of ap: in this inſtance, even a greater 
length might be given to the perpendicular, for the 
purpoſe of obtaining greater flanks; and this con- 
ſtruction would produce no other diſadvantage, but 
that of decreaſing the inward ſpace. 


M 3 Of 
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of the Side D E. 


If the je magitra line of D E, which e only 
100 toiſes, is traced after Mr. Vauban's method for 
the pentagon, the faces will be 284 toiſes, the flanks 
about 14 toiſes, and the curtain only about 40 toiſes; 
that is, not of a length ſufficient to admit diſcovering, 
from each flank, the half of the curtain, however 
low the rampart may be; unleſs ſo great a flope 
ſhould be given to the ſuperior talus of the parapet 
of the flanks, as would render it too weak to be of ſer- 
vice. To obtain, however, in ſuch an inſtance, a more 
advantageous length for the curtain and flanks, many 
recommend increaſing the perpendicular, or leſſening 
the length of the faces, or both: by making the perpen- 
dicular the 5 of DE, and the faces the 4 of DE, 
the faces will be 20 toiſes, the flanks about 20 toiſes, 
and the curtain not much ſhort of 60 toiſes ; that 
is, a ſufficient length will be obtained for diſcover- 
ing, from each flank, at leaſt the half of the curtain. 

But by this laſt conſtruction of the front DE, there 
will not be found ſufficient room, between the flank 3 
and the face 1 within the baſtion E, for the parapet 
of the flank 3 and of the face r, and to receive the 
cannon, allow for the recoil, and afford a free Paſs 
ſage. 


To 


To trace the Magittel 1 Line of the + Ivo rope , 
AB CDE, &c. the ſides of which are to be con- 


— as interior ſides. 


1 * 


F I 6, 5 PLAT x . 


Of the Side AB. 


The ſide' AB meaſuring 225 toiſes, a lenge wy 5 


far too great to admit the baſtions placed at the extre- 
mities A and B, reciprocally to defend each en a 
flat baſtion becomes neceſſary: ' 

Therefore, biſect AB.; and becauſe the ng A 
meaſures 142 degrees, and the angle B meaſures 161 
degrees, that is, becauſe each of theſe angles of the 
polygon is not leſs than the angle of the polygon 
of the regular hexagon, conſider the parts A L and 
BL, each of which meaſures 1124 toiſes, as the in- 
terior ſides of a regular hexagon; to obtain the ma- 
giſtral Iine of which, 

Take for the ſemi-gorges A M, LN, LO, and 
PB, the à of AL or BL, that is, 28 toiſes. 
To obtain the direction of the lines of defence, 
from M, N, O, and P, with the lines MN and 
OP, form an angle of 20 degrees: this is conform- 
able to the method made uſe of in page 69, to ob- 
tain the direction of the lines of defence of a regu- 
lar hexagon; ; for the capital being fixed at the two 

5 fifths 
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fifths of the interior ſide, the lines of defence form, 
with the curtain, an angle of about 20 degrees. 

Ta. obtain the length and poſition of the flanks, 
from M, N, O, and P, with the lives. N and 


OP, make an angle of 100 degrees; and the lines 


5 M, N, 5 O, and & P, will repreſent the flanks 
much after the ſame politi tion as Mr. Vauban's. The 
lines ab will repreſent the faces, and the lines MN 
and OP the curtains, The faces of the baſtions 
are determined by the meeting of the flanks with the 


lines of defence, and the meeting of the lines of de- 


lence of the ſeveral n 


| RS E * 1 R WK - 

5 2g Std bur 

b Ihe print for obtaining the flanks, by mak- 
ing them to ferm, with the curtain, an angle of 100 
degrecs, 1s not by many deemed equally advantage- 
ous with the method of Count Pagan, which makes 


che Ranks perpendicular to the lines of defence. 


* EFT 4-4 AY £ 


OI „ Of ahe- Side BC, 


Becauſe che angle B meaſures 161 degrees, and 
the angle C meaſures 131 degrees, that is, , becauſe 
each of theſe angles is not leſs. than the angle of the 


polygon of the hexagon; conſider the fide B C, which 


4 "I £ 
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The angle a ba 5 the line of defence and curtain, which is 


always equal to the diminiſhed angle, is not uncommonly called interior 
ank:r.g angle. 


meaſures 
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meaſures 1 50 toiſos, as the interior ſide: of an hexagon: 
to obtain the magiſtral tine of this. ſide, take for 
the ſemi · gorges BC and C R, the + of BC, or 374 


toiſes; for the direction of the lines of defence, form, 


with the curtain, an angle of 20 degrees; and for 
the poſition of the flanks, make an angle, with the 
curtain alſo, of 100 degrees; and the lines ad cf will 
repreſent the faces, the lines An the flanks, and 
R the curtain. 18 11. 


of ths Side c D. 


Becauſe the RY C is 131 aa pee eonſider 0 D, 


which meaſures 110 toiſes, as the interior ſide of an 
hexagon; that! is, take, for the ſemi-gorge CS, 
the 2 of CD, or 274 toiſes: and becauſe the angle 
D meaſures 98 degrees, which approaches nearer to 
the angle of the polygon of the ſquare, than to 
that of any other regular polygon, confider C D as 
the interior fide of a ſquare; that 1s, take, for the 
ſemi-gorge_ DT, the + of CD, or 22 toiſes. 


To obtain the esc of the lines of defence, 


from S with S T, becauſe the angle D is only 98 
degrees, form an angle of 13 degrees* ; and, becauſe 
the angle C meaſures 131 degrees, from T with S T 
form an angle of 20 degrees, 


— —— 
r 


nm 


2 This conftrugion i much the ſame as that made uſe of, in page 67, 
for obtaining the direction of the faces or lines of defence of a ſquare; 
for the capitals. being fixed at the one-third of the interior fide of the 
ſquare, the angle, formed by the line of defence and the m— is ahaut 
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Jo obtain the length and poſition of the flanks, 


from S and T, with S T: alſo, form an angle of 100 


degrees; and the lines 58 iT will repreſent tbe 


flanks, the lines 75 ** the faces, and 8 T the cur- 
tain. 3 | Aus 


Of. the Side DE. 


the fide DE, which meaſures 134 toiſes, as the 
interior fide of a ſquare ; that is, take for the ſemi- 


gorge DV, the r of DE, or 26+ toiſes: and be- 


cauſe the angle E is 104 degrees, which approaches 
' nearer to the angle of the polygon of the pentagon, 
than to that of any other regular polygon, conſider 
DE as the interior ſide of a preſtaghs that is, take, 
for the ſemi-gorge Eu, the + of DE: in this in- 
ſtance, as the length of the adjoining ſide EF 
meaſures only 63 toiſes, which is not of a ſufficient 
length to admit a front of fortification, it will, there- 
fore be found neceflary, to take the whole gorge 
of the baſtion. E upon DE, that is, becauſe the 
angle E is only 104 degrees, to make E U the + of 
DE, or 53 + toiſes. But, by this conſtruction, the 


curtain UV meaſures only about 54 toiſes, a length 


ſuppoſed not quite conformable to the received no- 
tion that a curtain to be advantageous, ſhould be at 
leaſt 60 toiſes; and, therefore, to obtain this length 
of 60 toiſes, the gorge E U ſhould be 475 toifes. 
To obtain the direction of the lines of defence, 


from U with U V, becauſe the angle D is only 98 


degrees, 


Ducks: the angle D is only 98 e confider 
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degrees, form an angle of 13 degrees; and, from v 
with U V, becauſe the angle E is 104 degrees, form 
an angle of 15 degrees *; and to obtain the flanks, 
from U and V, with U V, form an angle of 100 
degrees. 


R E M A R K. 
By the conſtruction for obtaining the magiſtral 


— 


lines of CD and DE, the flank Ti meaſures about 


+ 
— 


16 toiſes, and the flank Ve meaſures only about 14 


toiſes; that is, neither of them is conformable to the 


received notion, that a flank, to be advantageous, 


ſhould be at leaſt 20 toiſes : but, becauſe the flanked 
angle g meaſures above 70 degrees, a more advan- 
tageous length may be obtained, in this inſtance, for 
the flanks Ti and Ve, without incurring any ma- 
terial diſadvantage, by increaſing the meaſure of the 


angles T Sg and VUg, formed by the lines of de- 


fence U g and 8g with the curtain UV and ST. 


By making the angle T Sg to be 15 degrees, and 


the angle VU g to be 20 degrees, that is, by con- 
fidering the fide CD as the interior fide of a pen- 
tagon, and the fide D E as the interior ſide of an hexa- 
gon, the flanks Ti and Ve will be about 20 toiſes; and 
the angle g will ſtill be conformable to Maxim X. 


1 


- 


— — * _ — 
3 ; 8 


—_ * — 


1 This conſtru@ion 3 is ; much the 5 as that made aſe of, in page 68, 
for obtaining the direction of the faces and lines of defence of a pentagon; 
ſor the capital being fixed in the pentagon at the one-third of the 


interior fide, makes the angle. formed by the lines of defence and the curtain 
jo | be about 15 degrees. 
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rn Or the Side E F. 


" Becauſe the ide E b e e only 63 toiſes, and 


the re-entring angle E FG meaſures 102 degrees, 


conſider EF as a curtain with reſpe& to the front : 


F, and as a flank with reſpect to the baſtion G. 

To obtain the direction of the line of defence Fm, 
from F with EF, becauſe the angle E is 104 de- 
grees, - form an angle of 15 degrees; then, from E 


with E F form an angle of 100 degrees; and the 


nue En will repreſent the flank, and that part ꝝ n 
of the line of defence F will repreſent the face 
of the baſtion E. 


Of the Side FG. 


Becauſe the fide F G 1s only 120  toiſes, and the 
aGoining ſide E F meaſures only 63 toiſes, the fide 
F G cannot admit of a baſtion to be placed at F; 
nor will there be any neceſſity for! it, when it is, con- 
fidered, that as the re-entring angle EF G meaſures 


102 degrees, the fides of it can reciprocally defend 


each other: moreover, the ſummit F of this angle 
cant the. angle G, which is 1 18 1 anſwers 
nearly to the angle of the polygon of the hexagon, 
conſider F G as the interior fide of an hexagon; that 
is, take, for the ſemi-gorge G X, the + of F G, or 
30 toiſes ; from F with FG form. an angle of 20 
degrees, 


——: d w- Bf 4 
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degrees, and this will give the direction of the line 
of defence F 34 and from X with FX form an 


angle of 100 degrees, and X 2 will 45 . the 


Rank. 


R 38 R ot | 


F 


Mr. Vauban's poſition for the flanks X 2 and Em, 


which are intended to defend the ſummit of the re- 


entring angle F, is in ſuch an inſtance generally con- 


ſidered as not equally advantageous with that, which 
makes theſe flanks perpendicular to E F and FG. 


Of che Side GH. | 


As the fide GH meaſures iGo roiſes, 2 leng th by 
far too great for HI, or any part of it, to be con- 


ſidered as a flank to defend the face 5 3 of the baſ- 
tion G; and as the re- entring angle G HI meaſures 
128 degrees, an opening too great for the ſides of it 
to be capable of reciprocal defence; therefore, a 
baſtion, or other work, will become neceſſary at H. 
Becauſe the angle G is 118 degrees, conſider GH 


as the exterior fide of an hexagon; that is, take, 


for the ſemi-gorges G Y and HZ, the + of GH, 
or 40 toiſes; from Y and Z, with YZ, form an 
angle of 20 degrees, for the direction of the lines of 


defence Z 3 and Y4; from Y and Z, with Y Z 


alſo, form an angle of 100 degrees, and the lines 


Y 5 and 2 6 will repreſent the flanks, and the lines 
53 and 4 6 the faces, 


REMARK. 
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es ted tilts 


By this conſtruction of the magiſtral lines of F G 
and GH, the lines of defence Z 3 and F 3 exceed 


even 160 toiſes; that is, the point 3 is without 
muſket ſhot from its flanking parts, the flanks Z 6 
and EF, as 

In ſuch an inſtance, many, to obtain a more ad- 
vantageous length for the lines Z 3 and F 3, recom: 


mend increaſing the ſemi-gorge H Z, and diminiſh - 
ing the flank X 2: but, by taking for the ſemi-gorge 


Hz the + of GH, and giving to the flank X 2 only 
25 riſes, the line of defence z 7 will meaſure about 
135 toiſes, and the line of defence F 7 about 


156 toiſes ; that ! is, the flank 2 8 is within an ad- 


vantageous diſtance to flank the point 7, whilſt the 
flank EF exceeds, by 6 toiſes at leaſt, even the 
utmoſt length that is admitted between the flanked 
part 7 and its flanking part EF. | 

To obtain an advantageous 1 955 for both lines 


of defence, it will be found neceſſary to increaſe 
the ſemi-gorge HZ, and to diminiſh the ſemi- 


gorges GY and GX, by taking for the ſemi-gorge 
Hz the Z of GH, and, for the ſemi-gorges G v and 
Gw, the 7 of their reſpective ſides FG and GH; 


and then conſidering FG and GH as the * 1 


fides of a ſquare; in conſequence of which, the lines 
29 and Fg will repreſent the lines of defence, the 
firſt of which meaſures about 130 toiſes, and the 
ſecond about 140 toiſes. 


The | 
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The advocates for ſecond flanks, becauſe the flanked 
angle Y.3 meaſares about 80 degrees, that is, ex- 
ceeds 60 degrees, would recommend ſecond flanks; to 
bring the flanked point 3 within muſket ſhot of its 
flanking parts: thus, by taking for the ſecond flank 
Zo the + of the curtain Y Z, and for the ſecond flank 
FW the + of the curtain F X, the flanked part 3 
will be within a very advantageous diſtance of its 
flanking parts; for the line of defence o 3 is not quite 
145 toiſes, and the line of defence Wz is about 140 


toiſes. Second flanks, however, are generally rejected, 


becauſe they defend too eg the faces of the 
baſtions, x 


of 4 Sides HI and IK. 
As the wk of the polygon I meaſures only 57 


degrees, an opening by far too acute to admit of a baſ- 


tion being raiſed at I capable of a faliant angle of 
ſufficient ſtrength, it will be impoſſible to raiſe at 
this angle ſuch a baſtion, as is raiſed at every other ſa - 
liant angle of the polygon given to be fortified. _ 

In this inſtance, ſome, to defend the angle I, 
recommend raiſing, at K, ſuch a half baſtion as is re- 
preſented by the lines q s t; in which the flank 57, for 


the purpoſe of more effectually defending the angle I 


on the fide I K, is made perpendicular upon IK; 
and the line 54, which repreſents the face, is di- 
rected to meet I K at p, that is, to meet I K in or 
about the middle of it: 20 or 3o toiſes are then 
taken for the ſemi-gorge H 25 and from &, with 

H I, 
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H I, a right angle is formed s and the meeting of the 
line +1, with the line of defence V4, repreſents the 
flank that defends the angle I on the fide HAI. By 
this conſtruction, however, the angles and f are 


not defended; it would, therefore, be mote advan- 
ageous to canſtruct ſuch a front of fortification, or 


horn work, as is vepreſented by the dotted Ines. This 


practice, though very <xpenfive; has been adopted in 
ſeveral ſimilar e and * to 8 


tageous. 


This nth; not to . ih Aab este | 


ſhould have its curtain more than 40 toiſes, the faces af 


its half baſtions about 3o toiſes, and its flanks about 


20 toiſes; and the flanked angle of the half baſtion 
ſhould be within muſket ſhot: of its flanking parts, the 
flanks gt and & 4. . oy” 8 


"Bots. Bo Ke 


Becauſe'the:anple' I meaſures but 3 digrots leſs 
than what is generally allowed for a ſaliant angle to 
have ſufficient ſtrengrh, and becauſe the defects of 
too acute angles may be ſupplied by rounding them 


off as deſcribed in page 1643 1 follows, ac che 


defects of the angles 4 and t: might be ſupplied, 
without the help of a. front ef fortm̃cation ar horn- 
work, by conſtructing at I ſuch a baſtion as that re- 
preſented by I, 10, 11, 12, and 13. The lines I 10 
and 111 'repreſent the faces, and the lines 10 12 
and 11 13 the flanks. "The curtains I 12 and 1 13 
form each, with the des I# and 21, an angle ſn 
about 10 degrees. 

Of 


3 
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| Becauſe the angle A as. 198 54 grees; an 
the _— K meaſures 141 degrees, confider- hs ſide 
ſures 112 toiſes, as the interior ſide of 
th —— and the lines q7 x y will repreſent the 
faces, the lines r x &c. . e Ine 
&c. the curtain. 


engt REMARK | 
- In” the conſtrüction of the 1 m mY 


repular polygon, the following directions“ are e of t the 


greateſt importance. 
1. The flanked parts are to be with! in muſket ſhot 


of their flanking parts; that is, the ſummit of rhe 


flanked angle of the baſtion, ſhould be within 150 
toiſes from the flanks of the collateral baſtious which 
are to defend it: when the line of defence exceeds 
that diſtance, the defect may be ſupplied, either by 
diminiſhing the flanks if more than 20 toiſes, or by 
increaſing the ſemi-gorges, or by doing both; but 
when neither of theſe expedients can ſupply the de- 
fect, that is, cannot bring the ſummit of the flanked 
angle within muſket ſhot of the flanks of the calla- 
teral baſtions, it may be advantageous to make uſe of 
ſecond flanks, eſpecially if the flanked angle of the 
baſtion is obtuſe : the defects of too long a line of 
defence, may be ſupplied alſo by ſome outwork. 


N 2. The 
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2. The flanks are to be at leaſt 20 toiſes: when 
they meaſure leſs, the defect may be ſupplied, either 
by making the direction of the lines of defence, to 
form with the curtain a greater angle, or by diminiſh- 

ing the ſemi-gorges,. or by doing both; but when 


neither of theſe expedients can ſupply. the defect, it 
may be advantageous to make uſe of a cavalier placed 


about the middle of the curtain. 
3. The curtain is to be of ſufficient lengalaa to amn 
diſcovering, from each flank, at leaſt the half of it, 


without being obliged to give too great a flope to the 


ſuperior talus of the parapets of the flanks. The 
length aſſigned to the curtain, to be advantageous, 
ſhould be at leaſt 60 toiſes “: when it meaſures leſs, 
the defect may be ſupplied by diminiſhing the ſemi- 
gorges. 

4. The ſemi-gorges ſhould not be leſs than * 
flanks; and the length aſſigned them, to be advanta- 
geous, is to be at leaſt 20 toiſes: when they meaſure 
leſs, the defect may be ſupplied by n the 
curtain. f 


, 
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* Suppoſing the height of the rampart to be only 17 feet, the height of 
the interior part of the parapet-to be 6 fect, and that of the exterior 
part to be 3 feet only; and further, that the parapet is 18 feet thick, 
and that the ditch is dry and 12 feet deep; that is, together, 35 feet 


then the directiott of the ſuperior talus of the parapet will not meet the 
bottom of the ditch nearer than 32 toiſes. For the purpoſe of dif? 


covering from the flanks a greater part of the dry ditch before the cur- 
tam, the ditch is not made ſo deep oppoſite the middle of the curtain; 
that is, the ditch from the re- entring angle of the counterſcarp, and the 
middle of the curtain, is made ſloping towards the flanks. 


-# 


5. The 
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5. The flanked angle of the baſtion ould never 
be leſs than 60 degrees: when it meaſures leſs, the 
defect may be ſupplied, by diminiſhing either the 
flanks or the ſemi-gorges, or both. e 
Upon the whole, in tracing the magifteal line of an 
irregular polygon, every endeayour ſhould be uſed to 


render the ſeveral parts of it conformable to the pro- 
portions aſſigned for the ſame parts in regular fortifica- 


tion. Hence has ariſen the univerſal practice of reduc- 
ing every ſpace to be fortified, into as regular a form 
as poſſible; and this proves the expediency of being; 


previouſly acquainted with the principles of regular 
fortification, as the ground of every ſucceſsful atrain= 


ment in that which is irregular, 


As tracing the rampart and parapet, conſiſts thebely 


in drawing parallels to the magiſtral line, in irregular 
as well as in regular fortification, and as the propor- 
tions are the ſame in both, it is thought needleſs to 
give directions about them. 


Of Outworks. 


Outworks, in SAR] as well as in regular forti- 
cations, are conſtructed for the purpoſe of more 
effectually covering and defending the body of the 
place. 

It is by the help of outworks alſo, that engineers 
endeavour to render the ſeveral fronts of a fortreſs 
A mene in conformity to Maxim VI; 3 that! is, 
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in proportion as the ' fronts are weak from ſituation, 


to give them an equality of ſtrength by additional 


outworks. The right choice and poſition of theſe 
outworks demonſtrate the fkilful engineer. my 
| Becauſe the ſeveral works of a front are more ſpa- 
eious, and conſequently contain more men and guns, 
in proportion to the greater length of the exterior 
ſide of the polygon ; it follows, that the longer the 


exterior ſide is, provided the lines of defence are 


within muſket ſhot, and the angles of the polygon 


are the ſame, and every cireumſtance of fituation alſo 


the ſame, the ſtronger will be the front. On the 
contrary, the ſhorter the exterior ſide of the polygon 
is, provided the angles of the polygon, and all the 
circumſtances of firuation are the lame, the weaker 
will be the front. 


In proof of this, it will appear from an examina- 
tion of the plans of the moſt celebrated irregular for- 
tifications, that where the ſides were ſhorteſt, the 


_ greateſt number of outworks were erected, and vice 


verſa, to render each front as 5 conformable as Poffdie 
to Marin ThE 


N 


In fortifying the town of Luxemburg, the arrange- 
ment of all the outworks is ſo ſtrictly conformable 
to the moſt approved maxims of the art, that the 
irregularity of the fortreſs does not in the leaſt de- 
gree diminiſh its ſtrength. It is, indeed, juſtly eſteemed 
| the 


tru 
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the moſt perfect model of the kind; and the plan of 
it is peculiarly worthy of the attention and ſtudy of 
all who wiſh to acquire a perfect Frowledge, of che 
true arrangement of outworks. 


Of Places fortified after the antient Method, 
that is, by a mural Incloſure. 


When the walls are not ſtrong enough to bear a 
rampart, it is uſual to confider the place as not for- 
tified at all; and, in conſequence, to conſtruct ſuch 
a body of the place and ſuch outworks, after the 
modern method, as will be beſt adapted to. the fitua- 
tion : the old walls, if the inward ſpace is ſufficiently 
extenſive, may {till remain, and ſerve as a retrench- 
ment : this is the caſe of Wiſmar, a Hanſe town of 
Germany. 

But when the walls are ſtrong enough to bear a 
rampart, the moſt experienced engineers deem it 
ſufficient to terrace the walls, and to increafe the de- 


fence by detached baſtions placed at all the faliant 
angles of the polygon®, by half-moons, counter- 


guards, and ſuch other outworks as beſt anſwer the 
ſituation of the place, The body of the place, in 
many towns of Europe, is ſtill ſurrounded with a wall 
according to the antient method, while their outworks 
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* In which caſe, that part of the old mural incloſune, which is between 
Every two of theſe baſtions, will ſerve as a curtain. | 
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are raiſed after the modern method; and the vigot« 
ous reſiſtance that ſome of them have made, is a 

proof that it is not always neceſſary to erect a new 
n of ths en | N 


* 4:61 
31 45) 


Of Places ſituated near Rivers. 


When a town occupies both fides of a river, the 
current, both at its entrance and departure, paſſes 


through a curtain; and by this conſtruction the river 
is better ſecured, as the curtain is hae by the 


two adjacent baſtions. 


Whether the river is narrow et to run diivegh 
a ſingle arch, or fo broad as to require ſeverat arches, 
cach of them is ſecured by double iron grates. 

When the breadth of the river, however, is equal 


to the length of a curtain, the building of a curtain, 
to ſave expence, is ſometimes omitted; and the river 
is ſecured by driving piles on each ide of it, leaving 


only a paſſage in the current for boats, barges, and 
ſhips, which is ſecured at night by a chain or 


armed boom, and ſometimes alſo by a floating guard 


houſe. | 
For more effectually ſecuring the town againſt any 


attempts by the river, outworks are erected on each 
fide, and ſome even in the river itſelf. 


| When a river is too broad to admit the baſtions 
placed on the fide, to be within muſket ſhot of each 
other, it is not uncommon to fortify both ſides, as if 


they 
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they were two diſtinct towns; in which caſe, the 

enemy, though he had forced the defences at the en- 
trance or departure of the river, would not be able to 
advance without bringing himſelf between two fires. 

This is the fituation of 3 a town of Switzerland, 
built on the Rhine. 

Thoſe ſituations, however, are more advantageous 
both in point of ſtrength and expence, when towns oc- 
cupy only one ſide of a broad river, ſo that the works 
may be erected ſolely on that ſide, with no other than 
advanced works on the oppoſite ſide to preſerve the 
communication. This is the ſituation of Huningen, 
Saar Louis, Thionville, and others: the town of Hu- 
ningen which is built on the Rhine, and was fortified 
by Mr. Vauban, in reſpect of ſtrength is deemed the 
moſt perfect nde of a 2 bituated near a 
river. | 


Of Sea Port Towns. 


Maritime towns are fortified, on the land fide, like 
other places ; but, on the ſea ade, ramparts are made, 
with cavaliers upon them, to keep the enemy at as 
_ great a diſtance as poſſible ; below theſe ramparts bat - 
teries are erected juſt above the water, that the cannon 
may graze the ſurface, and ſo more effectually deſtroy 
the ſhips of the enemy in their approach. 


The entrance into the harbour ought to be the 


molt ſecure ; and becauſe an enemy can appear at ſea 
in number and form a large front, it will be ad- 


N 4 Vantageous 


KA 
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vantageous to flank the entrance by a citadel on 
either ſide : ſmall forts | alſo erected on every part 
of the coaſt, render the approach ſtill more dif. 
ficult. Among the feverat fea port towns, choſe of 
Breſt, Civita Vecchia, Dunkiy/ en 
the laſt war, Leg born and Toulon, may be den ws 
One in goon of 7 2 15 


Of Places ſituated. ot a det. 5 


When the place is encompaſſed 'by a moraſs chi 


renders it inaccefſible at all ſeaſons of the year, except 
in the intenſe froſts of winter, it will require but few 
fortifications for its defence. The cauſeways that 
communicate with the country, by which alone all 
acceſs to the place is to be obtained, muſt, however, 
be fortified with the utmoſt care. The loſs of Philipſ- 
burg in 1734, is aſcribed to a neglect in not ſufficiently 
fortifying the two necks of land, which led to the 
town, and by which that place was only acceſſible. 
When the moraſs renders the place acceſſible only 
at ſome ſeaſons, and in ſome parts more than in 
others, it is to be fortified as if it was always acceſſi- 
ble, and with as much attention as if it were ſituated 
in a dry and open country; obſerving to ſtrengthen 
the weaker ſides with 1 greater AVTIPet of outs 
works, 
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TY 
aw. 


or Places ſituated on a Hil or Rock. 


„en beumed on hills or rocks, as they are chief 
erecked to guard a paſs or inlet into a country, are 
eaſily fortified: they require neither large and deep 
ditches, nor large and high ramparts; they are in no 
danger from the miner, and the enemy muſt always 
make his approaches with great deliberation and dif- 
ficulty; and their interior ſpace is ſufficiently capaci- 
ous, if it conveniently contains the garriſon, In re- 
ſpect of their fituation, however, care muſt be taken 
that no neighbouring hill ſhall command any n of 
the works, 
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or a. Syſtems of different Authors, 
5 conſidering the different ſyſtems of Cortifention 


in the order of time in which they have appeared, the 


improvements in the art itſelf will be traced in their 


natural progreſſion; and of modern fortification, to 
which the ſubject will be confined, Errard's Iylem 


is the firſt, 
_ Syſtems may be diſtinguiſhed into theoretical and 
practical: the former are moſt numerous, and the 


latter moſt uſeful; only the latter, therefore, will be 


here conſidered. 
Errard's Syſtem. 


Errard, commonly called Errard of Barleduc, was 
an engineer to Henry IV. of France, and much 
eſteemed for his {kill in mathematics. It was under 
his direction that the greater part of the modern 
works at Sedan were executed, and the eitadel of 
Amiens is ſaid to be built after his ſyſtem: his book, 
intitled, La Fortification demonſiree & reduite en Art, Was 
firft publiſhed in 1604 by his nephew A. Errard, and 
is generally confidered as the firſt compleat treatiſe on 
modern fortification. 

This engineer fortifies within, and makes the flanks 
Wp e r to the faces of the baſtions; the line of 

| s defence, 
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defence, that is, the diſtance between the ſummit. of 


the flanked. angle of the baſtion, and that of the 
angle of "the flank, meaſures 120 toiſes; and the 
flanked angle 1 in the n and wen 18 * de- 


N grees. 8 l ** 44 b 15 * 


The counterfearp- is FR parallel to * — of 
defence, and in a direction with the ſhoulder of the 
baſtion ; and the rampart has for breadth the length 
of the flank. 


R E M A R K. 


BI this conſtruction, the flanks, ankle are not of 
ſufficient length, defend the faces of the collateral 
baſtions, for whoſe defence they are raiſed, roo 
obliquely. The faults of this ſyſtem are, indeed, fo 
conſpicuous, that many, are inclined to believe that 
it was neyer reduced to practice; but when we con- 
ſider the time in Which this engineer lived, the pre- 
vailing mode of attack at that time, which makes 
the curtain the principal point, and that human 
attainments are not the effort of ſudden 1 invention but 
of gradual improvement, inſtead of wondering that 
Errard's ſyſtem had ſo many defects, we hall rather 
wonder that it had not more. BY 

This ſyſtem, however, may be juſtly configere a 
the firſt important ſtep. taken in the change from an- 
tient to modern fortification; for. the daſtion, in 
which ſuch great improvements have been ſince made, 
is in Errard no other than the ſquare tower of the 
CO antients, 
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antients, only preſenting to the field an angle inſtead 
of a face, and cutting off the oppoſite angle for an 
entranet; that is, it conſiſted of three right angles, 
two equal faces, and two equal flanks about half the 
length of the faces. 

_ "TAE ſupply the defects of this ſyſtem, 8 the 
attention of ſucceeding engineers ; and this led the 
way to a new ſyſtem, called the ' Tralian ſiſtem, of 


which Pedro Sardi, a Roman Knight, was eſteemed | 


the great improver. 


Of the Italian Syſtem, according to Pedro Sardi. 


interior fide of the polygon to be $00 feet: he makes 
the flanks perpendicular to the curtain, and equal to 
the ſemi-gorges, to each of which he allows 25 toiſes: 
the direction of the faces of his baſtions does not 
meet the extremities of the curtain, as in the pre- 


ceding ſyſtem, but falls within the curtain; that is, 


in every polygon leſs than the octagon, the direction 
of the faces meets a point diſtant £ of the curtain, 
taken from its extremities ; in the octagon, a point 
diſtant + of the curtain; and, in the nonagon, and 
vpirts, it meets the middle of the Curtain, This 
practice 1 ſecond flanks. 


REMARK, 


* ; 1 N A 0 0 Eg : 
This engineer fortifies without, and conſiders the 


fla 


*. 
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REMARK 


ey this : eo; the Aanked oe Wannen 
very acute; and though the flanks have a more advan- 
tageous poſition than in the preceding ſyſtem, they tilt 
afford but a very oblique defence to that part of the 
ditch; which is oppofite the faces of the collateral 


baſtions. The flanks of this ſyſtem are beſides much 


expoſed on account of the ſecond flanks. 
The obje& of Pedro Sardi in making the flanked 
angle ſo very acute, was to enable the faces of the 
baſtions of the ſame fide of the polygon to flank each 
other. The defects of this ſyſtem en. a en 


called the man —_— 


Of the Spaniſh Syn. 


"This ſyſtem fortifies without, and confiders the 


interior ſide to be 120 toiſes: it makes the flanks alſo 
perpendicular to the curtain, and equal to the ſemi- 
gorges, each of which meaſures 20 toiſes : the faces, 
as in the ſyſtem of Errard, are ina direction with the 
extremities of the curtain. . 


REMARK 


The flanks in this 1 en leſs cond 
than in the ltalian ſyſtem, becauſe they have no ſecond 


flanks, afford w too oblique a defence for the 
faces, 


Is 
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In all polygons above the hexagon, the flanked 
angle, by this ſyſtem, becomes obtuſe; and the more 


ſo, in proportion as the figure has more ſides: but, 


as an equal breach may be made, with more eaſe, in 
an obtuſe, than in an acute angle, and till with 
greater eaſe in proportion as the angle is more obtuſe, 
this was held to be a great defect; and to, ſupply 
that defect, was the great deſign of the Chevalier de 
Ville, i. in 1 the fourth en l 1 e em. 


of the e Compoſite Sten. 


Chevalier de Ville“ fortifles after the Spen- me« 
thod ; that is, he makes the flanks perpendicular to 
the curtain, and equal to the ſemi-gorges, to which 
he allows the + of the exterior fide- of the poly- 
tonF. In the ſquate and pentagon, the faces of his 
baſtions are in a direction with the extremities of the 
curtain; and in the hexagon and upwards, their di- 
rection falls within the curtain, whereby he obtains 


ſecond flanks: hence in the ſquare and pentagon, 
the magiſtral line is the ſame as in the Italian ſyſtem ; 
and, in the hexagon and upwards, it partakes both 
of the Italian and Spaniſh ſyſtems, In the hexagon 


* * 
"I £ — 4 _— 


__ * — 


* The bock of this engineer entitled, La  Portfcatio du Sieur Antoine de : 
Ville; ou I Ingenieur parfait, was firſt publiſhed in 1655, and is juſtly eſtcemed 
the beſt treatiſe on fortification of thoſe days: he is the firſt ads has 


written upon and diſeuſſed every different part of a fortreſs. , 


+ He atlows for the length of the exterior fide 150 toiſes, RA how: 


ever, if deemed too great, he ſays, may be reduced to 125 toiſes. 
| | and 
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and upwards, the flanked angles of the baſtions, ac- 


cording to this ſyſtem, are always right angles; ſo 


that, in proportion as the polygon has more 3 it 
has greater ſecond flanks, 


REMARK 


The flanks, like thoſe i in the. Iralian wy a Spanith 
ſyſtems, defend the faces too obliquely. The Cheva- 
lier de Ville appears to have been induced to make 
the flanked angle of his baſtions always to form a right 


angle, or that which has the greateſt ſtrength, be- 


cauſe, ſince the introduction of the Italian and 
Spaniſh ſyſtems, the flanked gle was * the 
principal point of attack. 


of the Dutch oyſter 7 


Lil the Dutch, the ſyſtem of Marolois was held 
in moſt eſteem, This engineer fortifies within, and 
makes the flanks perpendicular to the curtain, to 
which he allows 72 toiſes: to the faces of his 


baſtions, to which he allows 48 toiſes, he gives 2 


direction that falls within the curtain, for the pur- 
poſe of obtaining ſecond flanks. In this ſyſtem, 
as in that of Chevalier de Ville, the flanked an- 
gle is never obtuſe, whatever number of ſides the 
polygon may conſiſt of; and it has this peculiar 
diſtinction from _ the prechiing fees, that it 


has 
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has a ſecond: n 1 me ane * 
des roudese - 


This Gftem has the ame nn in the me 05 
the flanks, as was obſerved in the preceeding ſyſtems. 
The falſebray, which is a lower incloſure covered 
with a parapet made parallel to the faces, flanks and 
curtains of the body of the place, is diſadvantageous; 
becauſe its faces are much expoſed; and becauſe the 


ſpace of 6 toiſes allowed for its breadth, is ſo narrow, 


that the ruins of the body of the place; from which 
it is not ſeparated, SE: choak it * and rander 
it uſclels, 


Of Count Pagan's Syſtem. 


Count Pagan fortifies within and, as he aſſigns 


three different lengths to the exterior fide of his poly- 
gon, he diſtinguiſhes his fortification into great, mean, 
and little r to the exterior fide of the great, he aſſigns 
200 toiſes; to that of the mean, 180 toiſes z and to 
that of the little, only 160 toiſes. 

This engineer makes his flanks perpendiculat to 
the lines of defence, and allows to the faces of his 
great fortification 60 toiſes, to thoſe of the mean 55 
toiſes, and to thoſe of the little go toiſes“: the di- 


r 13 , l 2 2 3 * — 


* 


15 Count Pagan, however, in the ſquare of his little fortification recom- 
mends the faces of the baſtions to meaſure only 45 toiſes. 


direction i 


2 KK - 


hh. Mi. 
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rection of his faces meets the extremities - of his 


curtains ; ſo that, by his em there are no ſecond 


flanks 


By what hnwbeen ſaid, with the aſſiſtance of the 


following table, chere will, it is hoped, be no great 


difficulty to trace the magiſtral line of any polygon 
according to this ſyſtem. 


'T 2 4 1 
PF Yar: . 1 1 1 — Oet WPF OOO ES" IT ORE = WU — 5 
” | F x 
FF | Mean | Little 
1 | - - 1 * ; . F'>. EI x 3 * * 1 > 
1 5 


300 5 45 18 toiſes toiſes | riſes  toiſes | toiſes 2 
Exterior fide © 
 Perpendicular* | 27 30 | 24 30 21 36 


Faces Fry 60 Pre? 55 55 4 350 


r n 4 8 1 IA * EUR ha eas, * 8 


| G {quare & upwards] "ure & . . 


200 200 | 180 180 | 160 160 


To increaſe the defence, A dend of one flank he 
conſtructs three, raiſed one above another at an 
equally retired diſtance of 7 toiſes ; and a means 
that follow the firſt. = 


The ditch of the body of the lies; is 16 0 550 baked | 


—— the faces, and is drawn parallel to them; its 
depth is 18 feet: the breadth of the ditch before the 
ſecond or inner e baſtion, 18 4 toiſes. 


* 54 Sos - 
ME Bon Ry FLY WR TP © OP ” 1 
* * 


** 


9 —_— _ 1. 
” 


This engineer makes uſe of the perpendicular to obtain the direction 
of the lines of defence, to which he fixes a determined length, in pre- 
ference to the meaſure, in degrees, of the diminiſhed angle; and in this 


I # | 1 * TI : 
1 * 4 
1 


1 Das been en a . Vauban. 


* 
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R 


* 
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The height of the rampart is 6 toiſes taken from 
the bottom of the ditch, and its terreplein, is 4 toiſes 
excluſive of the parapet, which is 18 feet thick, 
The outworks of this author are worthy of notice, 
as many of them are diſtinguiſped, er great 
difference, from thoſe of every other. 


R E M A N k. 


The progteſs of the art, ſince the introduction of 
modern fortification, ſeems to have been undiſtin- 
guiſhed by any ſignal improvements, till the appear- 
ance of this ſyſtem which, for its ſuperior advan- 
tages, obtained the author univerſal credit; and, 
in the opinion of his commentators, though not 
ſtrialy and profeſſedly adhered to by ſucceeding engi- 
neers, is the ground of the ſyſtem prevailing at this 
day. 


The principal advantages of Count Pagan's ſyſtem 
are thoſe that follow: 


1. It is of eaſy conſtruction, and a , 
to regular and irregular polygons. | 

2. The flanks of the baſtions are 1 than in 
a preceeding ſyſtem. 

3. The flanks being perpendicular to the lines of 
defence, give the moſt direct defence to the faces and 
ditch of the oppoſite baſtions, for the defence of 
Which they are conſtructed. He was the firſt who 
diſcovered the advantages of direct defence, and 


raiſed, in conſequence, his flanks perpendicular to the 
lines of defence... Mr. Vauban, whoſe ſyſtem now pre- 


vails, that the flanks might not be ſo much expoſed, 
; and 
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and that the fire might be more directed to the ſummit 
of the flanked angle, raiſed His flartks not quite per- 
pendicular to the line of defenee, but made them 
to form with fie cuttain an angle of about 100 
degrees. He was induced to this, becauſe, fince the 
introduction of Pagan's ſyſtem, the faces, inſtead of 
the ſummit of the flanked angle, were become the 
principal point of attack. 

4. The ſecond or inner baſtion form an excel - 
lent retrenchment for the defence of the baſtion ; and 
it is generally believed, that this ſecond baſtion gave 
Mr. Vauban the idea of his tower baſtions” 
5. The raiſing three flariks one above the other to 
increaſe the defence of the ditch and of che breach, 
has great advantages over the practice of - er | 
mg engineers, who, for the fame purpoſes, conſtructed, 
in the rampart of their flanks, caſemales, that. 18, 
ſubterranean vaults, bomb proof, with openings for 
firing cannon; but the ſmoke not having ſufficient. 
vent, almoſt ſmothered the ten, and diſqualified 
them from ſerving the artillery with any effect. The 
| flanks, however, after Count Pagan's conſtruction, 
being open and very near each other, were much ex- 
poſed to the cannon and ſhells of the beſiegers; and 
becoming uſeleſs in a very ſhort time, Mr. Vauban re- 
jected them, and contented himſelf with a fiogle re- 
= Ta, ſuch as is deſcribed 1 in Page 82. 


„* * ——_—_ 


„„ * 9 


1 Mr. Vauban's introdadtion of and attachment to his third feltem,.; is, 
however;a- proof, that he did not deem ſuch a flank ſufficient to defend 
the ditch and move, FEEL: 

„„ e e 


. 
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The ſyſtem of Count Pagan was facceeded by that 


of Mt. Vauban, which is called his fr/# fem. This 
has been univerſally received as the work of that cele- 
brated engineer, not from his writings on that branch 
of the art, with which the military world was never fa- 
voured, but from his practice; and it is already 


given, in the courſe of theſe Elements, with all the. 
improvements of which ſucceeding; engineers have 


ape it bis 


* 


18 Mr. Vaubarts Second Syſtem.” 


The. diſgdvantageous . of Befort, a town, of 
Alſace, and the impoſſibility there was of fortifying 


It with large baſtions, after the uſual form, with- 
cout expoſing it to enfilades almoſt on every ſide, 


though traverſes and other elevations uſually made to 
prevent them were raifed ; is ſaid to have produced this 
ſyſtem, which propoſes ſmall baſtions with ſouter- 
reins bomb proof. Theſe baſtions, the cordon of 
which is two feet higher than that of the curtain, are 
called tower baſtions; and they are covered by counter- 


guards with flanks *, the top of whoſe parapet is but 


one foot lower than that of the tower baſtions. This 

ſyſtem was practiſed only at Befort, and at Landaw 

another town of Alſace; and this with improvements, 
conſtitutes his Thire NMem. 


— "4 


„ 


* The counterguards, after this conſtruction, are more properly called 
detached baſtions. Tanſino, an Italian, eſteemed for his writings on fortif- 


cation, was the firſt who recommended the uſe of detached baſtions. 
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Of Mr. Vauban's Third Syſtem. 
FIG, , and 2, PLATE XX, 


This ſyſtem was applied at New Briſach, a town: 
alſo of Alſace. 

To trace this ſyſtem, let A B, one of the ſides of 
an Octagon, which is the form of New Briſach, mea- 
ſure 180 toiſes; upon the middle of AB, raiſe to- 
wards the center the perpendicular C D of the + 
part of AB, or 30 toiſes; from A and B draw, 
through D, the lines of defence A D M, BD L, 
indefinitely ; upon AM and B L, that is, from A 
to E, and from B to F, take the + of AB, or 60. 
toiſes ; and the lines AE and BF, will repreſent the. 
faces of the counterguards. 

From A, as center, deſcribe an arc through F, 
meeting AM in H; and from B, as center, 
deſcribe an arc through E, meeting BL in G;; 
and the lines EV and F W, which are drawn 
through the points E, G, and F, H, and meaſure 
22 toiſes, will repreſent the flanks of the counter- - 
guards *. N 

Then through V and W,. the interior extremities 

ö of the flanks, draw the line 8 T to interſect the 


„ 
2 


. F * 1 > ro 
\ * # + 5 . H - og 
* 


ba Some writers aſſert, . theſe FR to be * to Mr. Vauban's s 
conſtruction, ſhould only be the cords of the arcs EG and F H; that is, ; 


| they ſhould not exceed the diſtance between the ſhoulders E and F, and 
f the points G and H, in the lines of defence. 


O 3 radli 
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radii at the points & and T'; and the line 8 T will be 
parallel to A B, and the points S and T will be the 
ſummits of the flanked: angles of the tower baſtions : 


draw alſo the line QR parallel to ST, and diſtant 
from it 9 toiſes; and its extremities Q and R will 
be the center of the tower baſtions, and the line QR 


will reprefent the interior fide of the polygon. 
To trace the tower baſtions, take for QL and MR, 
which repreſent the ſemi-gorges, 7 toifes ; through M 


and L, the extremities of the ſemi-gorges, raiſe the 
perpendiculars bc, for which take g toiſes; that is, tako 


for ab 5 toiſes, and for ac 4 toiſes; and the lines þ c 


will repreſent - the flanks of the tower baſtions *; the 
lines 5 8 and þ T will reprefent the faces; and the 


lines joining the inſide of the flanks at the end of ad 


4 toiſes, will compleat the tower baſtions. 


Then prolong the perpendicular 'C D towards "er 


center; and from K, where this perpendicular inter- 


ſes the interior fide Q R, take for KN g toiſes; from 
Q and R, through N, draw the indefinite lines M1 
2rolong the flanks EV and'-F W inwards, 

to interſect the lines M1 and L 2 at the points 1 and 

2; and 1 Z, 2 P, will repreſent the flanks; the line 
1, 2, will repreſent the re-entring part of the curtain; 


and L 2; 


and the parts MP and ZL, will repreſent the re- 


_—— 2 2 * 


— e A 6 * * 8 — * * Te * S \ - — — reer *+ : "a> » © * 9 *— - 
* 1 * my ; 
1” 7 


* Some aflert, that the flank 5c, to be agreeable to Mr. Vauban's 


eonſtruction, 2 * 10 toiſes; that is, ad 6 toiles, ans 7”; 


4 toiſes. 
mainger 
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mainder of the curtain. It is in the line LM thus 
forufied, commonly called reinforced; that the principal 
difference between Mr. Vauban's ſecond and third ſyf- 
tems conſiſts: in his ſecond ſyſtem, this line LM 
forms the curtain. By this conſtruction, the defence 
of the faces and ditch of the tower 0s is * 
increaſed. 
I ̃0o trace the tenail, at 5 toiſes from the flanks EV 
and F W, draw the parallels df and eg; and the 
lines df, fg, eg, e D, and Da, will . the 
| tenail. - | | 
The ditch of the tower ba is 6 toiles . at 
the ſaliant angle, and its counterſcarp is in a direction 
with the ſhoulders. of the little flanks 1 Z 2 P; and 
this forms the gorges of the counterguards. The 
ditch of the counterguards is 15 toiſes broad, and its 
countericarp 1 is drawn parallel to the ande the depth 
is 15 feet. | 
The capital of the half moon is al 5 * _ | 
that of the reduit is 20 toiſes ; the faces of the half- 
moon are directed upon the faces of the counter- 
guards 10 toiſes from the ſhoulder *, and the faces 
of the reduit are parallel to the faces of the half- 
moons: the flanks of the half- moon meaſure 7 toiſes, 
and are parallel to the capital of the half- moon; and 
the flanks of the reduit are only 5 toiſes, and pa- 
rallel alſo to the capital. - 


— —_— td _ yr „ Pale. a * 2 


b 


* Some aſſert that the faces of the half moons are directed 15 toiſes - 
from the ſhoulders of the counterguards. 


04 The 


4 
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The ditch before the half-moon is 10 toifes broad, 
and that before the reduit 6 toiſes “: the covert-way 
meaſures 5 toiſes, and the glacis 20 toiſes. 

The terreplein of the rampart of the body of the 
place, and that of the counterguards, including the 
banquette, is 6 toiſes; that of the half. moon, in- 
cluding alſo the banquette, is 4 toiſes; and that of 
the reduit is 3 toiſes. | 

The terreplein of the tower baſtions is 16 feet 
high taken above the horizontal line; that of the 
counterguards, and of the curtains, 12 feet: the 
terreplein of the tenail is level with the horizontal 
line. The height of the terreplein of the reduit is 
9 feet, and that of the half- moon only 6 feet. 

The parapet of the tower baſtions being of mafonry, 
according to ſome is 8 feet thick, and according to 
others 9 feet; its height is 6 feet: the thickneſs of 
every other parapet, which is made of earth, is 18 feet. 
The parapets of the counterguards, on both ſides of 
the ſaliant angles, for the ſpace of 20 feet, are raiſed 

4 feet higher above the reſt, to prevent the effects of 
ricochet batteries. 

The counterguards, tenails, and half. moons, have 
only a half revetment; that is, their ramparts are not 
ſupported by maſonry above the horizontal line: at 
. the rop of the revetment, there is a ſpace of 10 feet in 
breadth, called berme ; and all the rampart upwards, as 


Maar 


— 
* 


* 


* Some make the ditch of the half-moon to be 12 toiſes broad, and 
that of the reduit to be only 5 toiſes. 


well 


ELEMENTS OF FORTIFICAT ION. 201 


well as the parapet, is lined with turf: upon the 
berme, for the purpoſe of preventing the aſcent of 
the enemy into the works, or the deſcent of deſerters 
into the ditch, there is planted a quickſet hedge, and 
behind it a row of paliſades. 

Within the tower baſtions, almoſt on a evi with, 
the water of the ditch, a powder magazine is built, 
bomb proof; and in the ſouterreins of each flank of the 
tower baſtions, two embrazures are cut for firing can- 


non. In each of the ſouterreins within the rampart of 


the ſmall flanks P 2 and Z 1, an embrazure is alſo cut, 
which, like thoſe of the flanks of the towers, are 
almoſt on a level with the water of the ditch. By 
this conſtruction there is an upper and lower flank. 
The entrance from the place into the tower baſ- 
tions is by a vaulted paſlage 12 feet broad, made 
oppoſite the center of the tower baſtions : and that 
from the tower baſtions into the counterguards, is by 
poſterns made in the curtain quite cloſe to the flanks 


of the tower baſtions, leading to bridges that are ſo 


conſtructed as to riſe but juſt above the ſurface of the 
water. | - 

The communication from the counterguards into 
the tenails, is by poſterns made in the flanks of the 
counterguards leading to bridges, which are alſo fo 
conſtructed as to riſe but Py. above the ſurface of the 
water, 

The principal communication from the body of the 
place into the country, is the ſame as that in his firſt 


= item; 
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ſyſtem; that is, much the ſame. as is deſcribed. in 
theſe W b. * and p. 4242. 


The principal manner of this item, are the 


following : 

1. The counterguards, or more properly the de- 
tached baſtions, may be defended to the laſt ex- 
tremity without expoſing the town to be taken by 
ſtorm: the proximity of the tower baſtions, from 


whence an enemy may be ſeen both in front and 
flank, muft render a lodgment within the counter- 


guards a work of great difficulty ; ſo that from the 
fuſt incloſure only, according to this ſyſtem, a greater 
defence may be expected than 1 all the works after 
his firſt ſyſtem. | 


2. The fire from all ſides of the tower baſtions is 


ſo powerfully directed into the counterguards, that an 


enemy, though he had even eſtabliſhed himſelf upon 


them, muſt find great obſtructions in erecting bat- 
teries there, to deſtroy the flanks of the tower baſ⸗ 
tions and to make a breach in their faces. 

3. The paſſage of the ditch of the tower baſtions is 


exceedingly difficult, as it is defended not only by the | 


| ſuperior part of the collateral tower baſtions, but alſo 


by the cannon placed in the caſemates, which an 
enemy cannot diſmount till he has ruined the flanks 


of theſe lower baſtions: the paſſage of the ditch is 
further defended by a great part of the curtain and 


its flanks, 
= | 4 3 


E 
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4. From the conſtruction of the tower baſtions, 
it is evident, that they defend each other recipro- 
cally; and that no attack can be made upon them, 
till the counterguards that cover them, are previouſly 
taken. 

5. Tower baſtlons are ſmall in their conſtruQtion, | 
and therefore not much expoſed to ſhells, and not at 
all to ricochet batteries. 

6. The ſouterreins of the tower baſtions may ſerve 
to ſecure the ammunition, proviſions, and garriſon, 
in time of a ſiege. 

7. Tower baſtions may be uſed in all fituations 2 
they are peculiarly advantageous in thoſe that are 
commanded by ſurrounding heights, as they are leſs 
expoſed to enfilades than the common baſtions, 
though interſperſed with traverſes and other eleva- 


tions. 


8. The advantage which the ** afford the 
defence of the breach that may be made in the tower 
baſtions, which can be but ſmall, muſt enable the be- 
ſieged to maintain that defence with more vigour, 
and will alſo hinder the progreſs of the miner. 

Though theſe and other great advantages have ob- 
tained this ſyſtem univerſal honour, and, as an in- 
ſtance of its ſuperior excellence, rendered New Bri- 
ſach the maſt perfect fortification in Europe; yet it is 
attended with confiderable diſadvantages, of which 
the following are the chief: 


1. It is enormouſly expenſive, as even to be almoſt 
double the coſt of the firſt ſyſtem. 


2. The 
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2. The flanks of the counterguards are too ſmall, 
and are beſides much expoſed from the oppoſite 
covert-way : to remedy this defect, ſome recommend 
greater flanks, and ſome an upper and lower flank, 

3. The retreat from the counterguards into the body 
of the place, is very difficult, as it can be effected 
only by the bridge ge along the flanks of the 
tower baſtions. ; 

4. By giving flanks to the half-moons, the flanks 
of the counterguards, which can be ſeen obliquely 
from the covert-way before the half-moons, are too 
much expoſed*: to remedy this defect, ſume recom- 
mend raifing lunettes at the re- entting angles of 
the counterſcarp; and ſome, the omiſſion of flanks 
to the half moon, and a direction of their faces at 20 
toiſes even from the ſhoulder of the countergnards. 

5. The half-moons having flanks, expoſes even 
the body of the place from the re- entring places of 
arms; for, when the befiegers are once eſtabliſhed 
upon the counterſcarp, they may make a breach 
from the batteries erected upon the glacis of the re-en- 
tring place of arms, by directing their fire between the 
ſhoulders of the counterguards and the tenail+. The 


4 


oy 


—___ — 


— 


* Mr. Muller, however, TEK Eq that as the flanks can be ſeen only 
under a very fmall angle from the covert-way, they cannot receive any 
damage from thence : he ſuppoſes that the faces of the half-moons 
are directed 15 toiſes from the ſhoulders of the counterguards. | 

+ At the ſiege of Landau, in 1704, by Mr: Tallard, a . breach was ts 
in the curtain of the front attacked, by directing the fire through the 
opening between the counterguard and the tenail. 

ſmall 
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ſmall flanks of the curtains m ye ruined Ao from 
theſe batteries. | ” 

6. The lower flanks both of the tower baſtions and 
the curtains, after a few firings, become uſeleſs, be- 
cauſe, notwithſtanding the number of air holes, the 
ſmoke has not ſufficient vent. % 

Theſe defects, and contriving proper remedies 
for them, engaged the attention of ſucceeding en- 
gineers; and, among the various ſyſtems which have 
appeared' fince in competition with Mr. Vauban's 


third ſyſtem, none ſeems more generally ſucceſsful, 


than that propoſed. by the author of a book entitled, 
Architecture Militaire; ou N Art de Fortifier; pur Mr. «hee 
. de diſinction Fre le "eg ac Lovis X . . 


ot Mr. Cochem 8 Syſtems 


M. Miano, 4 of 3 Director General 
of Fortifications for the United Provinces, &c. in- 
vented three ſyſtems. a 

His firſt ſyſtem is applied re ro an hexagon, of ch 
the 3 interior ſide is 150 toiſes; and ſuppoſes, that the 
ſurface of the water is but 4 feet lower than the level 


; ground. 


His ſecond 1 is applied to an ee of 
which the interior fide is 126 toiſes; and ſuppoſes the 
horizontal line only 3 feet above the water. 


His 


206 ELEMENTS Of FORTIFICATION, 


His third ſyſtem is applied to an octagon, of which 


the interior fide is 110 toĩſes; and ſuppoſes the hori- 
zontal line to be 5 feet above the water. | 

As theſe ſyſtems, however, have never been re- 
duced to practice, but are mere ly en they 
are not the proper ſubject of this bo. 
Mr. Coehorn publiſhed theſe three ſyſtems, 3 
he had gained that experience, which ſo juſtly dif. 
tinguiſhed his more advanced life; and, therefore, it 
is upon his experience, by which he regulated his 


own practice, and not upon his writings, that his 


great reputation has been raifed, Theſe ſyſtems 
though all conformable to the great maxims of the 
art, are generally confidered as inapplicable ; and if 
any judgment may be formed from Mr. Cochorn' $ OWN 
practice, he was of the ſame opinion himſelf : if he 
had thought that either of them afforded that prodi- 
gious defence of 'which they all boaſt, it is ſtrange 
that among ſo many opportunities not one of them 
ſhould have been applied. He fortified Beger p. 
zoom and a great part of Manhiem. 


And yet to theſe ſyſtems without a fingle fortreſs 


to exemplify them, is the early and moſt precious 
time of pupils too commonly facrificed ; for which no 
motive can be aſſigned, except a national reluctance 
to acknowledge the vigour of French genius and the 
fplendour of its exhibitions. 


REMARK. 
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J 


X E M A R KI 


To theſe ſyſtems of fortification, 0 be added the | 
numerous productions of modern times - publiſhed 
under that character; but not having yet been put 
to the proof by actual application, they, like Coe- 
horn's, are to be conſidered only as theoretical, and 
therefore not the proper ſubject of theſe Elements. 
An acquaintance with them, however, is recom- 
mended, for two reaſons: firſt, becauſe ſome of 
them boaſt of i improvements, which it will be bighly | 
uſeful to know, eſpecially if, upon trial, their claim 
to that character is juſtly founded; and, ſecondly, 
becauſe thoſe who are well acquainted with the pro» 
greſs of a ſcience, and all that has been written con- 
cerning it, will be in no danger of aſcribing to them- 


ſelves inventions and improvements that belong to 
others. 


” > L 9 * - 
” 4 *S 
* - 
** . 4 * & » 
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$ E C T ION XV. 


Of the Colours uſed in Drawing Plans and 
Profiles. 


To diſtinguiſh the ſeveral parts in plans and 


profiles of fortifications, the following colours ate 


generally uſed : Indian int, carmint, gamboge, com- 
monly called eee fea green, | jp green, biſtre, and 
indigo 5 4 | Wo 1 5 EE "x 2 | REM e 


of Indian Ink. 


Indian ink, which 3 is the . is uſed i in 5 


ing all the lines of a plan and profile, except ſuch a 


repreſent in plans a thickneſs of maſonry, which are 
drawn with carmine: hence, when the place has a 
revetment either of ſtone or brick, ſome of the lines 
of its plan are red*, and ſome are black; but when 
it has no ſuch revetment, then all the lines are 
black, and drawn with Indian ink. Indian ink is 
uſed alſo for what is called ſhading in drawings. 
Indian ink is imported from China in ſmall cakes 
or ſticks, and is either of a reddiſh or bluiſh black, 


" * Ml „ 


— 


* Such are the magiſtral line, the counterſcarp, and the gorges of out 


works. 
| both 
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both of which may be uſed occafionally with equally 
good effect. It is liquified with clear water in a ſhell 
or ſmall cup, by rubbing it gently till the water 
becomes of a conſiſtence and blackneſs ſuitable to the 
ſubje& on which it is to be uſed: | 

When it is uſed for drawing lines, it is made as 
ſtrong as poſſible ; but ſtill of ſuch a degree of flui- 
dity, as will readily follow the ſtrokes of the drawing 
pen. 4 ee ee 
When it is uſed for ſhading, it is made very pale; 
and the ſhade is to be heightened by ſucceſſive layers 


of the ſame degree of paleneſs, which will make it 


look better and ſofter than if it was put on at once. 


Of Carmine. 


Carmine is a powder of a beautiful red colour, bor- 


dering upon purple. It is uſed in drawing thoſe lines 


in plans that repreſent walls: it ſerves alſo for waſhing 
or colouring the ſections of maſonry, the plans of 
houſes, barracks; and other buildings, and likewiſe 
their elevations, 

This colour is prepared by putting ſome ths 
powder into a ſhell or ſmall cup, and mixing it with 
gum water *: when it is uſed for drawing lines, is is 


an 


Gum water is a ſolutioh of gum arabic in water: it ſhould be made of 
the whiteſt ſort, and- kept ſome time before it is uſed. With this, all 
colours that are not gummy in their own nature, are to be tempered; and: 
with as much of it as will fix the colour ſo firmly, that it will not come off 
with rubbing : if, however, the colour, after it is dry, is very gloſſy, the 
gum water has been too ſtrong. To the ſolution ſome add a ſmall quantity 
of white ſugar-candy, which they ſuppoſe prevents the colours that are 
mized with it from becoming brittle. 


P made 
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made tronger®, than for waſting ſections of maſonry, 
plans of houſes, &c. 


R E NM A R K. 


1, 


"No. more of this powder, nor indeed of Indian A 8 
ſhould be prepared than will ſerve for preſent uſe; 
becauſe, when kept any length of time, it is apt to 


loſe its purple tint, and ch to the colour of ox's 
blood. 


| Of Gamboge 


| Gamboge, or gum-bouch, is imported from Gam- 
bogia in the Eaſt Indies, in orbicular maſſes or cylin- 
drical rolls of various ſizes. It is of a denſe, com- 
pact, and firm texture, and when diluted with water is 
of a fine yellow+: it ſerves to waſh or colour all pro- 
jections of work 4, and to diſtinguiſh the unfiniſhed. 
works from thoſe that are finiſhed. 

This colour is prepared, by rubbing a piece of the 
ſubſtance gently with a hair pencil dipt in water, and 
then preſſing out the colour the pencil has imbibed 
into a ſhell or cup: the oftener this proceſs is re- 
peared, the deeper will be the colour. Gamboge is 
ſometimes liquified in the ſame manner as Indian ink. 


* 


Carmine being very dear and vermillion very cheap, ſome uſe a mix - 
ture of both for drawing the red lines of a plan ; but what 1 is faved i in ex- 
pence, is loſt in beauty. 


Gamboge is a conereted vegetable juice, the produce of two trees, 


both called by the Tadians caracapalli and 1s partly of a guripy and ry | 


of a reſinous nature. 
+ It ſerves alſo to waſh the trenches of an attack. 


| REMARK. 
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The tincture of French berries, and the tincturè of 
faffron, are ſometimes uſed inſtead of gamboge : the 
firſt is conſidered as one of the beſt yellows; and the 
ſecond is a bright reddiſh yellow, 


Of Sea Green. 


This colour is a mixture of common verdigris, 
white tartar, and gum arabic and water. It is uſed to 
colour wet ditches, rivers, ſeas, and all watry ſur- 
faces, 

It is prepared as follows: into half a pint of water 
put two ounces of common verdigris, half an ounce 
of white tartar, and ſome gum arabic. Let this mix- 
ture gently ſimmer over a moderate fire in an earthen 
glazed pipkin, for two or three hours, till it is re- 
duced to about a quatter of a pint ; then ſtrain the 
liquor through blotting paper into an open veſſel, 
and when it is quite cold bottle it for uſe ; it is 
beſt when it has a bluiſh caſt. 


C 


R R MARK 


Fire being apt to turn this colour black, many pres 
pare it only in ſummer, by putting the mixture into 
a phial, and expoſing it to the heat of the ſun 


for ſeveral days | 
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Of Sap Green. 


| Sap green, when liquified like Indian ink or gam- 
boge, makes a colour reſembling an oak leaf; and 
when liquified with fea green, it makes a very dark 
green: it is uſed to colour the ſlopes of the ramparts, 
the glacis, and in general all things covered with turf, 
All the. various ſhades of green will, however, be 
better expreſſed by a judicious mixture of ſea green 
and gamboge in difterent proportions. 


RE AA... 
Sip green, which is made of the juice of buckthorn 


berries, being rather muddy and dull, many prefer 


verd- iris as more vivid, and more reſembling the co- 
lour of graſs : verd-iris is made of the juice of the 
blue flag iris, with a ſmall mixture of alum. 

A {till more beautiful graſs green may, however, 
be made by a mixture of ſea green and, gamboge. 


. Of Biſtre. 


Biſtre is gloſſy ſoot pulveriſed, and made into 
cakes with gum water. It is a brown colour border- 
ing upon the cheſnut; and, when liquified with 
water, it is uſed in plans to colour dry ditches and 
all ſubſtances of wood, and in profiles to re preſent 
earth. „ 


R E NM A RE. 


bl: 
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REMARK 


. Umber, which is a dry duſky coloured earth 
imported from Umbria a province in Italy, when 
diluted with gum water, is uſed for dry ditches, 
and to repreſent ſand and all earthy ſubſtances ; and, 
with a mixture, in different proportions, of carmine, 
gamboge, and Indian ink, it is uſed alſo to colour dry 
ditches, and to repreſent ſand, earth, and wood. 

Tobacco leaves ſteeped in water for ſome hours, 
and filtered through blotting paper, with a mixture 
of carmine, make a good colour to repreſent earth 
and wood. This, as well as a mixture of carmine 
ſea green and gamboge, will generally ſuperſede the uſe 
both of biſtre and umber. 


Of PF 


Indigo is imported both from the Eaſt and Weſt 
Indies in ſmall cakes, and is of a fine blue colour : 
when well ground and mixed, in different proportions, 
with gum water, it is uſed to repreſent glaſs, iron, 
and the roofs of buildings that are ſlated. 


C 


Pruſſian blue well ground and mixed with gum- 
water, is often made uſe of inſtead of indigo. Pruſſian 
blue or indigo mixed with Indian ink, in different 

C2 proportions, 


eons AN. 
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proportions, may be uſed to repreſent iron or ſlate 
a mixture of Indian ink and ſea green, in diffe- 
rent proportions alſo, 1s, however, preferable for re- 
preſenting glaſs, iron, and ſlate, becauſe both Pruſſian 
blue and indigo are hard nnen and n not _ 
levigated, 

From all that has been ſaid it appears, that no 
other colours need be provided, than Indian ink, 
carmine, gamboge, and ſea green. EL 


Directions for Drawing Lines. 


The lines of plans are diſtinguiſhed into frong and 


faint lines“; but the lines of profiles are in general 


of one and the ſame degree of ſtrength. 

The lines in plans which terminate the parapet, 
that is, thoſe that repreſent its interior and exterior 
ſides, the lines which terminate the traverſes, and 
the line which terminates the covert-way, are all 
drawn ſtrong. 

By way of diſtinction, the exterior or magiſtral 
line, which is drawn in red when the place has a 
reyetment, is always drawn ſtronger than the reſt ; 
and the line terminating the covert-way, is ſometimes 
drawn alſo ſtronger. 


The lines which terminate the terreplein of the 


rampart, its interior talus, the counterſcarp, the 


— 


* * ue ws hd 8 » tht ated 1 * „ 3 1 9 was af "=" 
* 


The degree of ha or faintneſs varies, in proportion a as the plan 
is on a greater or leſſer ſcale. 


gorges 
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gorges of outworks +, the glacis, . &e. 
are drawn faint. - 

By way of AiſtioQion, the lines noicating the 
ſeveral” ſlopes are drawn ſome degrees fainter than 
the reſt, . 

The lines repreſenting the ridges and gutters of 
the glacis, are drawn rather ſtronger | towards the 
head, than towards the foot. 

| The lines, in plans, that terminate the ſpace occu- 
pied by each ifle of houſes, cazerns, and other pub- 
Tick buildings, are drawn in red, and are diſtinguiſhed 
into ſtrong and faint lines. Engineers, to give more 
ſtrength and beauty to their drawings, ſuppoſe certain 
parts to be raiſed, and in the light : they ſuppoſe 
alſo, that the light comes from the upper angle to the 
left of the drawing; and, therefore, that the parts 
on the left and towards the upper part of the draw- 
ing, are in the light; and the parts that are on the 
right, and towards the lower part of the draw- 
ing, are in ſhade, or in the dark. On this ſup- 

Poſition, the lines EF and FG, which are oppo- 
ſite the light, are to be drawn faint; and the lines 
EH and G H, which are in the ſhade, are to be 
drawn ſtrong. | 
On the ſame ſuppoſition it will be found, "ey in 
profiles, ſome lines ſhould be drawn ſtrong, and others 


Ws. 


FI AK » n = 46 duos , * We "e R Fr My guar Mt. 
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+ The lines . repreſenting the counterſearp and the gorges of outworks, 
when they have a revetment either of ſtone or brick, as has already been 
obſerved, are drawn in red. 
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faint, ſee Fig. 1, 2, 33 4. Plate IV. Little attention, 


however, is Paid to this dlſtinction; and, as it Nas 
already been obſerved, all the lines of profiles are 


vpſually drawn of one and the ſame degree of 


ſtrength. 

The ſpace that was occupied hy any work or build. 
ing that has been demoliſhed or deſtroyed, 1s to be 
terminated by dotted lines, obſerving only to diſtin: 


guiſh what was maſonry by dotting with red, and 
what was earth with black. 


Subterrancan works of maſonry are ana alfa 


by dotted lines of red; the vaulted parts of which | 


are repreſented by dotted diagonals, drawn alſo with 
red. Some, however, to diſtinguiſh the ſubterrancan 
works that are below the horizontal line, from thoſe 
that are above it, uſe black dotted lines for the 
former, and red dotted lines only for the latter, 


Diretion for Waſhing Plans. 


Waſhing, is the art of laying over a drawing, with 
a hair pencil, ſome liquid, cither black, yellow, green, 


blue or red, and their various compoſitions, The 
purpoſe of this is, to make the drawing appear the 
more natural, by an imitation of the different parts 


of which it is ſuppoſed to conſiſt ; thus, a pale red 


is uſed to repreſent brick ; ſea green, to repreſent 


water; Indian blue, to repreſent glaſs, flate, and 


The 
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The parapets of the body of the place, and of the 
ſeveral outworks, are to be waſhed with Indian ink*; 
but not of ſuch a degree of ſtrength, as will hinder 

the lines repreſenting the exterior and interior ſides 
from being ſeen; the traverſes are alſo to be waſhed 


with Indian ink, and of the ſame degree of ſtrength. 


When the plan is upon a ſmall ſcale, the ſpace 
between the exterior and interior ſides of the parapets, 


is to be waſhed uniformly ; that is, it is to have one 
equal tint of Indian ink throughout its whole extent; 
this is called a fat fbade, fee Fig. 1. Plate I. 
When the plan is upon a large ſcale, hs fame 
ſpace, inſtead of being waſhed uniformly throughout, 
is to have the tint in its full ſtrength towards the in- 
terior ſide, and to have it gradually diminiſhed to 
nothing towards the exterior fide ; this is called a 
ſoftened ſhade, ſee Fig. 1. Plate X. Over this tint of 
Indian ink, ſome add a tint of ſap-green mixed with 
ſea green, or a mixture of gamboge and ſea-green. 
The covert-way, the terreplein of the ramparts of 
the body of the place, and alſo that of the ramparts 
of the ſeveral outworks, are not to be waſhed at all: 
formerly terrepleins were waſhed with a faint and uni- 
form tint of Indian ink ; bur by gave the drawing 4 
dirty appearance. 
The interior talus of the rampart of the body of 
the place, and of other ramparts, is to be waſhed with 


* * OY 
n oy 


—  — 


— 


* Many, to render the drawing ſofter and more tender, mix a tenth part 


pl garmige with the Indian ink 


a mixture 
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a mixture of {ap-green and ſea-green, | but more com- 
monly with à mixture of gamboge and ſea - green, 
giving the tint its full ſtrength towards the top, 
and weakening it inſenſibly to nothing towards the 
foot. It would, however, look better, if it had 
been previouſly waſhed whe a ſoft tint of Indian 
ink. 

Wet ditches are to be waſhed with ſea green, ob- 
ſerving to give the tint its full ſtrength at the ſcarp 
and counterſcarp, and to ſoften it gradually from 


each towards the middle: the tint, however, is gene - 


rally ſtronger at the ſcarp than at the counterſcarp. 
Dry ditches are to be waſhed with biſtre liquified 
with plain water, giving the tint its full ſtrength at 


the ſcarp and counterſcarp, and ſoftening it gradually 
from each towards the middle: they may be alſo | 


waſhed with umber diluted with gum water. A 
mixture of carmine, gamboge, and Indian ink, may 
be uſed with good effect for the ſame purpoſe. 

The glacis is to be waſhed, firſt, with a tint of 
Indian ink, fomewhat fainter than that made uſe of 


for the parapets ; and when this is dry, it is to be 


waſhed either with a mixture of ſap. green and ſea 
green, or a mixture of gamboge and ſea green. The 
tints are to have their full ſtrength at the head of the 
glacis, and to be reduced gradually to nothing to- 
wards the foot. The branches or fides are not all 
to be ſhaded with Indian ink, but only alternately : 
each and every branch of the glacis is, however, to 

be 
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be waſhed either with a mixture of gambogs' and 
ſea green, or of ſea-green and ſap- green. 
Bridges are to be waſhed with a faint tint of bittre. 


A mixture of gamboge, carmine, and Indian ink, 


may be advantageouſly uſed for the ſame purpoſe. 


The ſpace occupied by the houfes for the inhabi- 
tants, that is, each iſle of houſes, is to be walhed 
with a faint and uniform tint of carmine. 

' Cazerns, or barracks, are alſo to be waſhed, as the 
iſles of houſes, with an uniform tint of carmine, but 
ſome degrees ſtronger. Other public buildings being 
generally repreſented by the plan of their covering, 
are to be waſhed with a faint tint of that colour which 
moſt nearly reſembles the colour of the covering 
that is, a yellowiſh. red is uſed if the covering is of 
tile, and greeniſh blue if it is of ſlate. The faces 
that are not on the fide of the light are previouſly 
to be waſhed with a faint tint of Indian ink, pre- 
ſerving its full ſtrength at the top, and reducing it 
gradually to nothing towards the bottom. 

Projections of works are repreſented by dotted 
lines in black, and are all waſhed with a faint tint of 
yellow, 


Directions for Waſhing Profiles. 


The ſection of the revetment is to be waſhed with 
an uniform tint of carmine bordering upon roſe colour. 
The ſections of counterforts are alſo to be waſhed 


with 
3 
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with an uniform tint. of carmine, but rather fainter 
than that of the revetment. 

Sections of earth are to bo Vice with a tint of 
biſtre diluted w with gum water, ſoftened gradually: 
that is, a tint of biſtre is given to the outlines ef the 


profile, which | is fofroned e towards the bot- 


tom. 
When the ditch is [ot its 1 is waſhed with x a 


tint of ſea green 3 and when it is dry, it is not HR 
at al. 


REMARK 


Theſe are the uſual directions for waſhing plans 
and profiles, and are generally followed : ſome plans, 
however, are waſhed with an elaborate embelliſhment 


of all the parts, and ſeem more deſigned to gratify 


the eye with a pifgureſque and pleaſing repreſentation, 
than to exemplify thoſe rules, which engineers, for 


common convenience, have conſented to eſtabliſh, 
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Of n the Plan of a Fortreſs upon the 
Ground. 


As a previous, knowledge of practical geometry is 
indiſpenſably neceſſary to the ſtudy of fortification, to 
thoſe who are ſo qualified, the method of tracing a 
fortreſs upon the ground can be attended with no 

difficulty; and to thoſe who are not ſo qualified, the 
beſt precepts that can be given, will be of little uſe. 

Of the two inſtruments made uſe of for this pur- 
poſe, viz. the plain table and the theodolite, the firſt 
though more ſimple, is leſs exact, and therefore, 
though more generally applied is not ſo uſeful as the 
ſecond. When the plain table is uſed, the plan 
ſerving for the operation, ſhould be drawn on ſuch 
a ſcale, as that an inch may at moſt repreſent 20 
toiſes; and when the theodolite is uſed, care muſt be 
taken to aſcertain the meaſures of all the angles by 
trigonometrical calculations, 


K'E MAR Ki 

Thoſe who defire to be acquainted with the art of 
building a fortreſs, that is, with the different mate- 
rials as well as the manner of laying the foundation and 
raifing the ſuperſtructure of all the works, may have 
recourſe to the writers on Practical Fortification; 
amongſt whom Mr. Belidor, in his excellent work 
intitled, La Science des Ingenieurs, is moſt juſtly entitled 
to pre- eminence. 


THE END. 
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